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EL DESARROLLO MARTTIMO EN MEXICO

En el desarrolle marfitimo de M&xico en esta primera'plg
tica habklaremos. de la.evolucidn de la propia ingenierfia ma-
ritima y cfmo la necesidad de la explotacidn de los recurscos
del mar se han venido incrementando dia con difa; es de todos
conocidos gue la éctividad portuaria, y me refierc en espe-—-
cial a ello, porque fue la inicial; el encuentro con los fend
menos cocelnicos tuvo.una &poca de auge a fines del Siglo pasa
do y a principic§ del presente Siglo, en esa época, vy lo en—--
tendemos en-forma clara, la tecnologia aplicada a los proyec-
tos de c¢onstruceidn y operacifn era motivo de céndicicnes -
a grupos externces dado gue en M£xico no existia ningun ante--
cedente del trato con el fenfmeno del mar, sin embargo, ahl
se inicia la historia de la Ingenierfa en México y surgid ---
uh grupo muy distinguido de Ingenieros mexicanos gque fuereon-
producto de esa &poca cuando se construyd el puerto de Veracruz,
€]l de Tampico y el de Puerto M&xico, ahora Ceatzacoalcos, Sali-

na Cruz y Manzanillo.

Viene por el movimiento social de nuestra revolucifn en --
1510, una total descontinuidad al grad¢ que renace esta necesi-
-dad de asomarnos al movimiento portuaric hasta la Epoca-del --
Generazl CArdenas y por lo tante a guienes les toct reiniciar --
la actividad marfitima no tuvieron el eslabdn de liga en ague---
1los Ingenieros gue a finales del siglo pasado y a principios -
de €ste, hablian participado en la construccién de muy importan
tes obras portuarias, se puede decir gue del anc de 1936 en =--
adelante se reiniclia con cero de antecedentes nuestra partici--
pacifn en la Ingenierfa Marftima. Qué es lo que sucede ?, que

v rvenia como primer paso.laz rehabilitaci®n de los puertos existen
.tes; para ese entonces, el Puerto de Salina Cruz, per un fensd-
meno tristemente celebre podrfamos decir, se encontraba absolu-

tamente azolvade, cerrada su dirsena en ese sitio. Se conoce



que era el lugar donde se juega Beisbol, lo gue ahora
es la darsena, habfa un hermoso campoc hecho por el --
azolve natural del ocleaje y el Puerto totalmente fuera

de operacién

En esa é&poca al final del regimen del General Lizaro
_C&qunas, se reabre el Puerto de Salina Cruz,pero tenién
dose el problema costero de continuo azolve coh volGmenes
muy importantes a dragarse para mantenerlo en operacifn;-
desde el aspecto de los fendmenos fisicos,cufl! ha sido la
evolucibn por otros motivos .y ¢on la organizacién de De—-—
pendencias Dficiales contibamos conh una buena estadistica
de vientos; ello en en el aquéL entonces, llevado por la -
Secretarfa de Agricultura. En &pocas modernas ese fend-
meng, el conocimiento de los vientos, ha sido incrementado
por otro tipo de actividades, fundamentalmente la navega---
cién a&rea y también la maritima;. ese fenfmeno tan importan
te en la concepcifn de los puertos, pues era un elemento --
con el cual podfamos decir que se contaba otro fendmeno f£i-
sico de gran importancia; era el de las mareas, a esos prin
cipigs y ahora hablo de la &poca del afio de 1252, el fendme
no de las mareas era una meta por alcanzar: el gue tuvie--
ramcs Informacidn real y veridica. Entonces qué fue lo -
gue origind este Importante fenSmeno, qgque es para uste--
des obvio el gue el fenSmeno de las mareas se refiere para-
el anilisis de una serie de disefios de obras o estudios de
fenbmenos fisicos:en aguel entonces nuestro conocimiento --
de las*'mareas era muy relativo, teniamos marebgrafos gque -
operaban en tlempo atr8s en un plan absoclutamente burocrata

con datos no confiables, etc. (nicamente y exclusivamente -
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en los puertos ya mencionédos anteriormente viene una pro-
mocifén y el apoyo de la UNAM, de hacerse cargo de la toma-
de las mareas en forma directa y posteriormente de su ani-
lisis,publicacifn de predicci®n, etec., gque &s la situaciln
gque a la fecha tenemos. Nuestra red de marebSgrafos, pode-
mos decir-que a la fecha es de suficiente amplitud, gue te-
nemas un conocimiento preciso, en cada sitio elementos sufi
cientes para gue ¢uande nos toque analizar el fenSmeno de -
mareas en cualguier punto de nuestro litoral, existen a uno
y otro lado, en su cercania, informacidn ya  con valor esta-

distico del fenbmeno de las mareas

Todos conocemos nuestros libros de Prediccifn de mareas ¥ he-
mos confirmado la buena calidad de este trabajo, peroc nos --
encontramcs también con otro fendmenoc muy importante para la
concepcidn y la solucifn de problemas de cualguier tipo, de -~
cimos de la actividad pertuaria en su plan de' reestructura-~
cifn, fue el motor gue reinicia la Ingenierfa Maritima en --
nuestro pafls,

Sin embargo, gqué sucede ? gue dfa ceon dia se ha venido amplian
do la actividad ligada al mar, cierto es gque la portuaria --
continfa con el proyecto de construccifn y operacibn de nuevas
unidades en muy diversos sitios en nuestros litorales; viene -
de ralativamente pocos anes a la fecha la actividad pesguera -
en forma muy importante gue no es5 solamente el refigio del --
puerto peéquerg, sino la explotacifin de las lagunas litcrales
con los fendmenos f{sicos inherentes a su compertamiento -
hidr8ulico.’ En la actividad petrolera no solamente interesa el
aspecto costero en el irea marfitima litoral,en su campo de -
transportacién y de puertes, sino que se da el paso adelante y

es la actividad en la cual por necesidad se paréiﬁipa en el estu-



dio del fenbmeno ocefnico en si, por el hecho de tener es--
tructuras de plataformas, de exploracifn y explotacién fran
camente en mar abierto, ello da origen a una técnica muy --
especial Yy 8 la necesidad de contar con elementos de tipo -
estadistico de los diversos fenbmenos entre los cuales des-
taca el oleaje, elﬁque nos interesa por un lado, para el di-
sefic .de las obras de proteccifin, -los rompeolas, obras de pro-
teccifn de playas, el regimen costero o sea todo aquel fenfme-
no que modifica la morfologia de nuestras playas,saa creando -
fenSmenos de azolvamiento o fendmenos muche mis graves de --
fuertes erosiones gue afectan a Sreas urbanas, a otras insta-
laciones y todo ello tiene como denominader comiin el conoci--
mientc del parimetro - oleaje - Qué&é es lo gue ha sucedido en
él, pueé pien, asi como en el aspecto Vientos, resulta simple
el tener informacién que en el aspecto :marea, tambi&n se ha -
avanzado satisfactoriamente. HNo podemos decir 1o mismo en el
aspecto - oleaje -, el primer-paso-que 'se dib fue el-de-utili-
zar estadIsticas publicadas por otros paises; como es el -----
SEA AND SWELL CHARTS, muy conocido por la mayorfa de los presen
tes; el OCEAN WAVE STATITICS y que al no tener alguna informa --
cibn directa del fendSmeno del nleaje, no guedaba mis gue el Te-
curso de utilizar este tipo de informacibn que i bien, tiene -
valor estadistico, porgue es propercicnado por las embarcacio--
nes que navegan por .cierta drea ocefinica, dividiendo los.océa--
nos en una cuadricula de 5°x 5°0 gean grandes freas ocelnicas, -~
considerabamos gue al no haber nada, eso era representativo -~
del! fendSmeno del oleaje en donde obtenemos estadisticas de di-—-
recciones de oleaje en forma mensual, estacional y anual etc;
informacifn también de alturas de ola y perfodos de la misma y
habiamos considerado gue se habfa dado un paso adelante en el
avance del oleaje. Claro gue de no disponer de ninguna in—-

formacitn al momentec de tener esa Iinformacién indudablemente --



gue fue un avance.

En &pocas posteriores y &sto promovidoe por guienes tenfan
nacesidades expresas, hablo en su principio de PEMEX, C.F.E.,
por ia necesidad de tambi&n construir rompeolas para sus obras
de tomalde sus diversas Plantas Termeeléctricas y de la Nucleo-
eléctrica de Laguna Verde.

Se enfrenta tambi&n el mismo problema de faita de informa-
cifn respecto al oleaje, adicionalmente v todavia a algo que peo
demos decir es hoy o es ayer, mis bien hoy, se inicia la toma -
de datos directog de oleaje para apoyar los muy importantes pro-
yectos de Puertos Industriales.

Asi tenemos cuatro estaciones y dos mis en proceso de insta-
lacifn en donde tenemos informacidn directa de ese fendmeno. Al
igual ¥y con antericridad en el Puerta de Dos Bocas gue proyecta
y construye PEMEX, pero gué es lo gue nos sucede con esta infor-
macion de cleaje 7 hemos llegado a una primera conclusidn;: gue
su relacidn con los datos estadisticos que se tienen de la infor
macidn muy general del - SEA AND SWEEL CHARTS y del OCEAN WAVE STA
TICS difieren mucho de aguells que se ha venido toemando en forma
directa tanto en magnitudes de oleaje como en direcciones y re -
sulta gque es légico esperar ese tipo de resultados dado que tene-
moes por decir algo, del Puerto de Salina Cruz, cleaje muy impor--
tante en el drea ocednica, representada por esta estadistica in-
ternacional de direccidn procedente del Horte;que es lo que nos
pasa a la hora de medir la ola directamente ,la direccidn que --
previene del HNorte,viene de tierra o sea gque ese oleajec es ine--
xistente para las playas directas;qué nos interesa concecer? 1i1nci
dencia del oleaje, en esa forma observaremos Como s una necesi-
dad impericsa el teper nuestra estadistica directa de cleaje en-

sus caracteristicas bdsicas, gue son alturas de oleaje, pericdos



de éleaje, direcciones de incidencias y ahora energia del --
oleaje a través de formaciones de +trenes de cla, situvacidn
que nos resulta de mds interéds en su aplicacidén a cotra arma
gue afortunadamente ya tenemos en nuestro pais, gue son los
modelos hidrdulicos y este fencmeno de captar nuestra situa-
cion real de.oleaje, es un reto al cual nos enfrentamos ac—-
tualmente; -estamos tomando oleaje. Aquel que lo necesita, -
por decir alge, la Secretaria de Comunicaciones por un lado
¥ por otro ladeo, PEMEX, Comisién Federal de Electricidad por
otro lado ¥y son ellos,porgue son las Dependencias gue ticnen
fuerza econdmica: no porque otras-Dependencias.noc-tengan mis-

mas necesidades, podemos poner un ejemplo.

El aspectoc de los pﬁértos pesgueros, gué sucade ?, al final -
de un puerto pesquero, el fendmeno maritimo, la magnitud de -
la ola, etc., son idénticas que si se trata de hacer el puerto
grande,- entonces misma necesidad se tiene para la concepcidn -
y localizacién de nuévas unidades pesqueras gue estén en fran-
co desarrclle y al igual en una actividad que estad por nacer -
come es el puerto turistico; noes sucede exactamente misma si--
tuacion. El fenémenc fisico feneral de oleaje, mareas, co-
rrientes, vientos, etc. inciden en idéntica forma al tener un-
puerto de juguete, como podriames llamarlo, que es ¢l puerteo
turfistico, pero con idéntico concepto en su concepcién, en anid
ligis de resclver en forma econdmica y adecunada el problema fi
sico gue hay gque resolver, de protecciodn, que no erosione zonas
adjuntas, etc. y que obviamente la actividad turistica gue no -
ha tenido tradicionalmente una vocacion hacia el puerto de de--
portes nauticos, pues a su vez carece de¢ medios, este reto -
simplemente lo pongo a consideracidn de este distinguido audi--

torio.



Una necesidad nacional: el ¢gue organicemos a nivel

pais todo lo que corresponde a_ir planeandec esta estadistica de
cleaje ¥ que en funcidn del tiempo, asi como en aspectos hidro-
légices, veamos hermosas estadisticas . De mucho tiempo atras -
el dis de mafana nuestra informacion directa de caracteristicas
de oleaje tengan mayor estadistica y podamoa tener las tesis -

para eguivocarnos menos.

Otro aspecto interesante es el aspecto tedrico, ---
cual ha sido la informacidn en el conocimiento del subsuelo tan-

to en tierra como en zonas cubiertas por el agua.

Ha sido una situacion parecida a la que hemos expues-

to de los otros fendmenos.

Recuerdo épocas en-donde la geologia era CQnside}ada
como algo de brujeria, algo en gue no habia necesidad ée porgqué-
gastar dinero; "encontramos en nuestra actividad profesional una-
total ¥ negativa reaccidn a hacer estudios geoldgicos porque an-
teriormente no se usaba,en gue hubiese este tipo de analisis. -
Ahora tener una conciencia completamente clara de su importante -

necesidad.

Qué suredia al no contarse con ese tipo deinformacidn,
pues necesariamente errores grandes y cuando se empicza a avapzar
en ésto, se participa de la geologia en zonas de tierra y en zo-
nas de mar. Era muy complejo y a la fecha sigue siendo complejo,
no porque no Se tenga la idea de gué es 1o gue reguerimos, s5i -
hablamos de los dates geoldgicos, me refierco a la mecdanica. de --

suelos. Cuando a mi me tocd estudiar,esa materia no existia.



Surge en esa €poca COMG una materia optativa, quie-
roe decir ésto, gue de esa época, estoy hablande del afie de 1950
eso s cuando participamos en estudios geoldgicos y todos los -
estudios correspondientes a la mecdnica de suelos. Cudl es --
nuestra situacidn actual)? bien, la impartancia de la geclogia-—
es un ceoncepte-clarc para todo tipo de proyecto, pero el prokle
ma de obtener datos geoldgicos en la zona de mar sigue siendo a
la fecha, un problema gue sclamente en aqﬁellcs proyectos-muy -
importantes es factible gue teéngamos ese tipo de informacidn de-
bidoc-en forma simple:a-Io-e5pecializada del egquipo.que se requie
re ¥ en consecuencia a lo costoso de ese equipo. Esto se ha ---
ameritado ¥ se ha hecho el esfuerzo econdmico de tener informa-
citn geoldgica para los proyectos muy impoertantes de Puertos In-
dustriales. Dificilmente en algun proyecto de algin puerto -

pesquero, Y no digames turistico ,pues es informacidn la cual -

sdlo con supuestas apalogias, etc., es que en los reconocimientos
muy superficjales -, tenemas que aplicar el ingenic a efecto de -
teaner gue resolver las obras sin los'suficientes elementos de jui-
cio al respecto.

Alli tenemos ese Otro aspecto que va encaminade fundamen-
talmente a la enfilacidn y participacidn de grupos que se dedican
a la Ingenieria Oceanica para ir contindose en funcidn del tiempo,
con mayeores eslementos, y que podamos hacer los estudios gue se re-
guieren en mejor forma ¥y participando en forma directa con eguipo
propiec, con eguipe nacional y que no téngamos gue recurrir,al ca-
recer en NUestro pais, de recurrir al apoyo de otros paises y gue
necesariamente al tener gue tracr embarcaciones especializadas, en
fin, pues nos resultan acciones caras,pere no gueda otra solucion
nads que ella ,mientras el propio pais no disponga de los megdios --

para ese tipo de accliones.



En el aspecto de dragado, también viendo la enfilacién
del dragado, Qué es lo gue sucede ?, gue ese atorcn de varias -
décadas gue se tuvo en la operacion peortuaria, pues cbviamente -
la actividad de dragade tuve misma situaciodon, le primero gue --
surge gué es 7?7, el dragade de mantenimiento; el gue puertos como
Salina Cruz, operacen, el gue puertces sujetes a un continue azol-
‘vamiento por estar en un rie, me refierc al Coatzacealcos, pero
basicamente al Rio Panuco, pues &s5a actividad nace como una nece-
sidad impericosa ,qué pasa en elleo ?, bien el tipo de dragas para
dragado de mantenimiento, sonde la concepcidn de utilizar el ma-
terial dragado para rellenar terrenos, conc es en £l caso de pro-
yectos nuevos, el tipo de draga gue Se empieza a utilizar para --
esa rehabilitacidn y habilitacidn de puertos existentes, pues el
tipo de draga auto propulsada, o sea draga con tolva que‘tendria

que salir mar afuera y depositar en algin sitio adecuado.

Ese - fendmeno de detectar cudl era el sitio adecuado fue -
y resultd ser motor para participar en los estudios del comporta-
miento general de depdsitos en " X " sitio y hacia ddénde es que
se irian, ¥y caminar por la accidn de las fuerzas vivas,principal-
mente de oleaje, de corrientes dirigidas por el viento, de mareas,
etc., ¥ surge como necesidad de andlisis, el aspecto del compor-
tamiento deé ese tipo de dragado,

Datos especificos: Tampico, como lo he dicho y biasicamen-
te el de Salina Cruz que era un puerto que seguia siende victi-
ma de up muy importante azolve en muchas épocas, por encima de las
necesidades que el pais tenia para sacar ese material gque se habia

introducido a la diarsena.



Viene la parti¢ipacidn por falta de elementos, por falta
de medios de que hay que dar solucidn a este tipo de problemas ¥y
poco a poco Se va resclviendo al grado de gue podemos pensar gue
a la fecha esos problemas han gquedado absclutamente bajo control.

En el caso de:Salina Cruz, por una clara concepcicn del -

fentmeno costers de la accidn de la ola sobre la conformacidn --

playera. Por la experiencia con datos de volumenes que se tenian
‘'ya por mucheos afios de aguello, que afio con aflo se dragaba: la -
idea clara de cudl era el gasto sdlido literal, etc., y se llegd -

a una soclucidén gque.a la fecha no existe ningun problema de dragado
ahora con la construccion del muy importante Puerto Petrolerc y -

a corto plazo, del Puerto Industrial en esa zona, rasyl ta gque ese
preblema, es un problema gue podemos decir, gue pasé & la histo--
ria con una participacidn importante de la técnica mexicana, habién
dose tenido necesidad de recurrir a sistemas ingeniosos de tipo ---

econdmico a base interpretacidn de planos de coleaje, habiendo crea-

v

do el sistema grafico de comportamiento de playas que nos daban =--
ideas muy generales,pero volviendo a lo misme gque de eSpo o nada,eso

era preferible, viene un avance mis importante cuando a nivel pais
ampezamos a participar en la Ingenierfa Experimental encaminada —-
precigamente al comportamiente de playas y al comportamiento de las
estructurasg, para mejor reseplver los problemas de agitacidén y al -
diseno ya al detaile de los canales de ola, para definir la seccidn
transvercal de sy estabilidad, para diferentes condiciones de rom--

peolas u obras mas pequenas, para proteccidn de playas;.

Este fue seguramente el avance mis firme que en los filtimos
20 anos se ha dado y su evolucibén a Epocas recientes donde ya con
tamos con diversos laboratorios cada vez ¢on mds presencla téchnica,
con mids intercambio; como estd el del Instituto de Ingenierfa de
de la U.N.A.M., el del I.P.N., el de la Direccifn General de Obras

Marf{timas,dependiente de la S.C.T. y tenemos inicics de laborato--

L



rios de otros lugares de provincia donde Creemos que e@ste paso
haya con fines docentes de difusidn ,1a técnica de la Ingenieria
Experimental y el difa de manana redituarin para una mejor con--
cepcibn de la obra maritima, para una mayor econcmia en su cons-
truccidn,

En el aspecto de estructuras y de ahf hablamecs de estruc-
turas en zonas de ¢alma dentro de los puertos tambi&n ha habido -
una evolucidn, imaginense ustedes , cuando era la epoca que ha-
bifa que disefiar un { X ) muelle y se consideraba que el estu--
dic geolb&gico-era indtil, - - qgue- gantidad-de-errores- no fueron
los que se acumularon por ese subdesarrcollo en el gue se injicld;-
dia con dfa se ha venido avanzando en ello y su participacifn en-
estructuras cada vez mis complejas por un lado es la clase de es-
tructuras, es el muelle de cualquier tipo, dependiendo de las con
diciones geol&gicas gue vamos encontrando en cada lugar por la --
participacifn-de-otro tipo de actividades c¢omo son las obras de -
toma gue requiere la Comisifn Federal de Electricidad, como son -
los digues secos gue a la fecha construye Astilleros Unidos en su
actividad de infraestructura para fomentar la muy necesaria indus
tria naval en México, en sus aspectos de reparacibdn de bugues y de
construccifn, ya que el palis esti entrandoc en serio en esa activi-
dad, pues ha sido satisfactorio gue ese tipo de estructuras - son
estructuras gue en su construccidn, sen totalmente nacionales -

o sea gue son producto de la técnica mexicana, de los ¢onstructo--
res mexlcanos gue estin atacando proyectos gue en otra £poca podria

mos considerar como muy ambiciosos.

Bien, en resumen la infraestructura portuaria, haciendo a un lado -
lo gque gueda fuera de la costa, podemds resumir gue bisicamente te-
nemcs dos tipos de problemas a resolver, uno gue corresponde a las
obras de proteccifn gque son los rompeolas en sus aspectos de esta-

bilidad per un lado y de equilibrio del regimen de la cesta, dado

gque cualgquier obsticulo gue pongamos viene a alterar ese regimen -



natural del transporte de material, por efecte fundamental-

mente del cleaje ¥ eventualmente de corrientes.,

Ese es un capitulo muy bien definido, la obra de proteccifn -
en su concepclén conjunta, repito, su situacifn geolfgica en
el aspecto estructural, el aspecto de su comportamientoc para
resolver la agitacién y dejar zonas operables dentro de Sreas
internas protegidas; los rompeolas y su aspecto de no alte--
rar negativamente a ese regimen litoral. En ello podemos re-

sumir a gué& le vamos a enfocar para las obras de proteccién.

En el aspecto de dragado, necesariamente viene el otro capitu-
lo importante que es adecuar las profundidades para las necesi-
dades que se requieren, dia con dia, por desarrollo general del
palfs; estamos cayendo a la necesidad gquizi un poceo en forma —--
anacrbnica porque lo hubieramos de haber hecho antericrmente -
de adecuar las profundidades de nuestros puertos a las necesi-
dades comerciales de navegaclén. Esto traé en si como con--
secuencia que.la actividad del d-agado es5 muy importante, pri-
mere por el excavar el material hajo el agua, el segqundo, el -
tratar de aprovecharlo para habilitar zonas bﬁjas gue tencmos
alrededor de los puertos, o en su defecto, si nos vemos obli--
gados a depositar e! material en el mar, gue sigue habliendo ca-
s05 de este tipo en que los depositamos con toda seguridad en -
aqﬁellﬂs sitios donde no va a originar dafios y problemas a ter-

cCeros.

Bien, este aspecto del dragade nos enfrentamos a que .ahora hay
que dragar en perlodgs muy cortos vollmenes mucho mds impertan-

tes de aquellos tradicionalmente lo hacfamos; tambi&n traé una



consecuencia en su evolucidn, en la medida en gue disponfamos
de equipo. Ese ritmo de desarrcllo del pais y ese ritmo de -
desarrollo del dragado a la fecha, al tener gQue resoclver en -
lapsos cortos problemas de gran voliimenes de excavacibn, aje-
nos otra wvez a la necesidaﬂ‘dé-recurrir a guien tiene el equi-
po adecuado y gue en todo caso son empresas extranjeras en --
nuestro pais, tenemos éhorita en este preciso momento varics
ejemplos de elle y necesariamente es una labor conjunta de la
cohncepcidn de la programacifn del dragado y la participacifn-
de grupos privados y oficiales para resolver an mejor forma --
en beneficio de nuestro pais, este fendmeno del dragado que ha
tenido una expansidn brutal; podriamos decir en los iltimos --
afos, pero qué se bislumbra, gue 8sto va a continuar en los=-
proximos afios, tanto en‘proyectos gue estin en procesc , comod

por provectos,.gue es5tfn a nivel de estudios justificativos.

Buena parte de las conferencias que ustedes van a escuchar --

irdn a) anilisis del detalle del aspecto estructural de los -

rompeolas, Ahil tambié&én hemos tenido una evolucifn en el sen-
tido de las obras de proteccidn gue nos tocaba realizar en anos
pasados, eran obras relativamente pequenas y ahora nos presen—

tamos a obras a mayores profundidades, mayores vollimenes de ==
cbra y de menor tiempo para su ejecucién. Ahf tenemos otro re-
to gque es el adecuar la tecnologfa mexicana en su gama total -
de su c¢oncepcifn, al uso de la Ingenieria Experimental hasta su
construccidn y operacidn , en Bu caso, entonces ahf verdn las -
distintas t&cnicag empleadas y tambi&n observar&n que ha habido
una cierta evolucibn contando en todo momento con lo que a tra-
v8s de la literatura mundial accesible, se tiene para resolver-

estos problemas e] avance de la Ingenleria Experimental 'y cuil



es la situacidn actual en la que vamos, - gue necesitamos -
seguir avanzando para cobtener proyectos absclutamente eficien-
tes y seguros a menor costo en las siguientes conferencias; lo
gue ‘agui he expuesto en una forma general, seguramente va a ser
analizado en_diverscs capitulos en forma més detallada, para -
que tengamos el concepto glcohal de adfnde vamos; qué es lo que
tenemos que apoyar cada uno de nosotros en el cémpo en que esta-
mos colaborandc para que nuestra Ingenierfa Oc&anica, dfa con -

dfa continfie avanzando como hasta la fecha .

Por las propias necesidades del desarrclleo del pais, ha sucedide
al aumentarse las necesidades , necesariamente el reto, bisica-
mente para ustedes, me refierc muy especificamente para los j6-
venes, e5 un reto amplic, de gran responsabilidad ¥ gue scla-—-
mente con £l esfuerzo personal ¥y con la colaboracifn del conjun-

to, podemos salir adelante.

Gracilas.

PR
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LOS ATPECYDS RELEWANTES EM EL 01SER0, LA CONSTRUCEION Y LA

SUPERVISIQN DE ROMPEOLAS

RESURnEIN

Lev fares del dlsefio v la tonitruccisn de un rorpealas, requieren la de

bida coordinaclén o travls de 12 Residencia de Construccidn, la cual --

tendrd la responsablbidad de que la obra st ejecute precizasence de = «

acutrdo con Jos plenos ded proyecto, respetando y eompliendo las esaeci

Fleaclones tfcnicar y de ctontrol de calidad de los materiales, 437 comm

for reletlves ol tramparte ¥y la colocacidn de esros Gleimos.

¢ delinen 1as funclones de 10t eledenios constitutivaes de wun romatabas
¥ e precivan los criterios bisicos psra el suministro de roca, 1a fa--
bricacidn da elementos precolados de concreto v 1a Fahricacidn de roca-
artificial., 3a comentsn laz poribitidades ﬁuc ofrece el emplen deal sul
facrelo vy 2l vsa 2o 1o1 groteatlles,

5¢ hacen recomondaciones para el-

tramyporte de la rocs y lov elemeatos precolados v se rrazan los aspee-

tos mis Importantes de lasy operdclones de colocacidn de rateriales en el

rompezlas. '

Flngimeate sa hace 'hincapid en |y ncootidad de concar con la Residencig

de Consirucelfa,

e incluye 1o Bibliografia de eytudion y publicacionss recizaie 3Chre -

la tecrologia del divedo y la conscruccidn de loy rorpeclas,

|

"

" Se tf addiviene t! trattire delle acque,
consulta prima la esperienza ¢ pol 14 -
ragione ", (*) :

Leorardn da Vinct
1452 - 1519,

1. IKTRQDUCC & 0%

Coma en tods obra de ingenieria, el proyecto y Ta censtruéilﬁn de un -
rompealss # talud comprende diversas fases, desde la conerpoidn  y de-
finigidn de su Finalidad hasta su construccifn.  En este proceio cabe-
distingulir dos etapas sueesivas: ol diseho vy la construccidn, £. pri
mera incluye la [ngenieria bisica, !a ingenierta de detalle, la Prepa=
racidn de las especificaciones y la formulaclén de los documentos nece
sarloy para concursar 1a obra, LCon esta oltima Infarma:iﬁﬁ, 1e inicia
la segunda etapa; o sea, la de construccidn, durante 1a cual las empre
s48 constructoras que parlicipardn en el c;ncursn se enteran del eipa-
de trabafo a ejecutar mediante los planas, especificaciones, requlsl--
tor de calidad y ! plaze reguerido para ejecutar ta obra,  Lon esta -

Informacidn lay eopresds estdn en condiciones de formular al pretupoes

to y preparar la proposicin solicitada par €1 duedo de ta pbra. Unge

{*) Cuznde tenjas gue 1idiar con el 2gui, consulta pricere 1a exierien

cid ¥ despubs razona.



vaf tleglda 1 empresa coenstruciora, proceds S5t o 1o movilitecidn de- |

sus fecursny para Inlclar s construceldin.

A fln de coordinas debidamente la; Fases de diszdo y construccifn, re-
sults Imperativa arganiszac oporiunarente la Residencla de Lontruccidn
que tendrd a au targo la responsabilidsd ¥ la autoridad para sepervisar
la realiracidn de la obras o Fin de que €304 se ejecute de acuerdo con =+
fow plamos, lat mormas ;: control de calidad v lay especificaciones de-
Finidas en la fose de dizefp, mediante o tual serd posible satTafacer-

be Finalldad que debe cumplir 1a obra en zuestign,

i CAITIRIGE BASICOS DE DISCAD ¥ CONSTRUICIGH

+

Urag vez definidas las funcliones de lo obra, se exgablecerin low crit¢;~
rley bisicos d¢ disefo que regirin o 10 largo de la fases de ingenisriy =
de detalle y o3 cusles debe congoer y hacer respetar la Resldemcia o= -
Consiruccl&n durante el procesn de #jecucTén del trabalo. Es owy impor-
tantw que €] canstruttor cothLa y e1td conciente do que la obra que rea
Tlew cumpls con loa criterion bisicos de diweile y respele las normas de-
calldad contenlday en la dotvmentacidn de Concursg, que » su vel, le sii

wivron de base para formular su oferts.

Resulta de capital importancia que durante |y faye de diselo £ tomen muy
en cuenta los srpectos conatrucCivos, & Fin de que 21 proyecto purda eje-
Cutsrae en el plazo previsto v al mis bejO costo posThis, conviderands los
diversas procedimientos de construccidng, 450 como lol equipoDs y Focursos -

diwponlbles para el tipo particular de obra (123] ¢ {19} (%}

[*) Llas Referemcian Biblionrificas se identifican con un ndTera entre -
partneesis,

L L)

Concretands, en &l case especifico de un rompeolas, su Firalidad primqi
dial estriba en constituir uns birrera permanente contra el uleaJ|‘=¢ -
mar, & fin de crear en forma artificial una zona protegida y en calma =
£n la que guedan realizarse en forma espedita y econdmics lay operacio

Mes porivarias, €0 un $itio en que 1as condiciones naturales no lo per-

“miten {13}, (31) ¥ (8} Pars lograr esta Finalidad, €l rompenias debe-

ré s#r capdz, en primer lugar, de resistir durante un terge tienpa el -
enbate d= 133 otas.  En segundo lugar, es iondispensabile que tal barrara
sea lo suflcientemente impermeatile para impedir que se transmitan a la-
Iona abrigafa del puerto tas fluctuacionss de nivel que oturran ep el -
lago eaterna par efecta del olesje. las funcliones antes definidas se -
Chiienen econdmicamente com un rompeclas a talud, constituide 5Imp|em¢ﬂ
te por yn digue de cnro;amieﬂta formads con dox elementos biticos: la-

toraza y el niclea, ta coraza tonsiste en rocas o elementos precalado

. da concrero, ton el peso y el espesor recesarics para resistir el emba-

te del oleaje. En virtud de su #lto covto 12 prucur; reducir al minim

el valuen de este elecento. Bl nicles | que no estacd expueste a la ac
€ién directa del oleaje, puede y debe construTrie con los materiales que
e forsg mis ccondmics se dispdngd cerca del rompeolas, tomo arens, gra-
va o el productio integral de une canters, con tal que, mediante una razg
fable groduacion de sus par:?:u1as: 1€ phiengd wna masa relativarente FE

permeable y poco deformable. (Mer Fig. 1),

Para asegurar Y2 formacién y permanencia de! nidcleo deberd cubrirse con-
wn material que acile coma Fillro, para evitar que sus partfeulas du me-
for tarafo eqigren 3 través de tos grandes huecos de lé Coraza.  Comin--

mence & esce Filtra s¢ Te denoming Caps secundaria.



[ ﬂﬁtlt;,.ttf conitruide yprateglda servird tambkidn comg la base de)
camlpe que a& necesita durante Jos preceses de comstructidn v manteni-
mlento de 1; ehra, »s7 come parg glsponer de un #cceso » Tos muelles -
que 1e cologuen sdosedos a los rompeoles. {38), 10), (333, (%), (8).-

{12}, (43) y (38)

Fara reducle #1 costo del rompeplas convient que ta corona del comine-
de constevccldn sea lo mis angowte y haja posible, & fTn de permitir -
ab teinsito expedito de los camlomes v 1a operaclén de loas grdas que -

s requieren pars colocar por wls terrestre lor materiales de a obra,

(%6) y (39]

+

Por &1 tado Interior ezl puerta, en el gue ] olcaje serd menor, se --
requicre lamdién proteger el rompealas con una carazd de roca a3 lige
ta que 1a del lado :xicrlar. la que # su vez debe ophyarts &N LRI COpPA

fuando el rompeoo-

secundarls o Filtre que arrope y protela ol niclea,
1at sea ¢el 1lps rebasable deberd verificarse que tanto la caraza eo gl
lado interiar como l4 corgna, no cesulten erosionables por este efecla,

{8 vy {14}

Diro elemento bisico en el diteho de 1oy rompeclas fo constituyen los-
atragues al ple de las corazay, que ticnen 1a doble funcidn de servirs
e apoyo & estay Gltimas y actiéan coms defensas contra la erosion on -

ls bate de lot taludes de ls estroctura. (1), {11}, [13) ¥ (v,

]
yor Gltime, dependicndo de las caracteristicas del fosde maring con cue

te deaptente €| rompeolas, convendrd inciuir como pafli de! proyecto 1a
construtcidn da una plantills g roca £n el deaplanie de la obra; gue-

restrinja la migraclén 2ol material fine del fondo 2 lravds de los hae

tes de la corata,

In casos eaprpol de fondos arcnpion may finoes, v oo

n o dmd

B A N e i - A LA A AlE o LR

gin la icportancis de 1a obra, sodrS Justlficarse el emplec de un f[tro

3 base c2 un geotenti!,'#n vez de la plant)ila de roca. (35}, (42) ¥ (24}

Fara limitar fa ergsidn al pie de la tstructura.‘que puede inducir e!? des
Ifzamiento de los materfales colocados en el talud de 1a abra, retulta :-
muy recomendable entender genergsamente la plantilla de roca, con o sia =
el geotexcil, para farmar un delantal, adelante del pie de) talud del - -

atrague de la eoraza 416}, (303, (), (0], {I]i

] -
Tenicndo en mence las funclanes bisicas que desempefardn loy diverios ele

mentos conctitutivos de un rompeclas, que en términos muy generales ae —-

han descrito, resvtts posible preciser los criterios de divedo paras su di
mensionanients, Al come definir las cspecificaciones tfcnicas para &) con
trol d= calidad de los msteriales y lay normas que deben respetarse duran

te 2 procese de colocacidn de los mitmos. {19 y {14)
i L
En los pirrafos subslquicntes se& fomentarde los aspectos mls relevanges =

gue canviene (omdr en cuentad al seleceionar y fabricar lay materialey, <=

"

asi como las recomendaciones relativas & tu transporte y colecacidn en ol
L]

rorpealas, Cabe advertir que todo lo que terd expuesto £3 Jgualmente « =

aplicable a la censtruccidn de escolleray y espigones,

1. SUMIMNISTRO DE RMOCA

[

Jado que 12 roca ey el material que comstituye la maycr parce de loy FompE
olas 2 1alud, resulte de particular impurtlncfi.la localitactéa ¥ €1 estu=
dic de las canteras, de las cusles preda extrserie rocs de la callidad sde-
Cvady y 20 cantidad suficientie, que s# Lraniparte en forma eapedita Y tEQ=

nfmica kRasta el 3itio de 1a obra.



Independientemente de 1u arfgen gqeolfgice, Ta roca que 3e utilifes en ==
lox rﬂﬂétﬂlli debe ser resistente al atague <el ogua de mar; de alto pa_
10 Ilﬂ!:ff‘:;; resfatente a 13 abrasidn y cu; un minimo de resistencia-
a la compresidn. Para calificer eatas requivltos,en 13 siguients tabla

1¢ Indican tas pruchas a que debe sujerarte cste materfal y los |imites

du sceptabliiidad correspondientes £39) y [41}

PAUEBAS FISICAS PARA ET CONTROL OF CALIDAD ¥ LIZITES DL

ALTPTACION PARA LA ADCA BESTINADA A ROMPEQLAS

K3rra LIMITES DE

TIFD DE PRULBA ASTH ACIPTAZILICAD
intemperlams scelerado (resistencia F
s loy sulfates):

Yidico c-E8 Ta 33

Magnfsico c-88 s 3.5%

Abicrs ffn c-57 1.2 a 3%
Gravedad especilica E-127 lgqual & maver & 2.5 Tnnfml
Resintencla w |o compresin C-170 Igual e mayer & LoD Kg!c:z
Abrarldn 4 dragaste C-335 15 2 )53

_—eee e e - ——
La investigaclén de boy bancos de roca comprende estudios topogrificos,-
geofislear, geolfgitos y pruebas de calidad., Resulta de particular im--
portancia efeciuar un buen estudio de la geologTa estructural de cada --
£ANLEFE, fue permilas pronoiCicsr el tamafio nicimo de la roca tusceatibbe

da cbtenerss, ati Cormo para invesgigar la microfracturacién Sue pudisra-

anfatly en el material.

Adicionalrente, £3cc esludio servird pdara provec

t+r, en forms raclonal, 'a apertura de los bancos de explacacidn,

Es muy recomendable efectusr voladuras de prueba en lay canteray dursnts
la Tase de investigacidn de las misman, varismdo los parrones de barre-

nacign y la cancldad de eaplosivon, a fin de conocer lox éur:entajti pro
bables de los distintes tamados de roca gue pueden obtenerse en forma --
econdrica y prictica, lo cual permiticrd desde la Fase de diseno, ajustar
el proyecto & 13 dlsponibilidad de este material. En caso de que No fea
positle efeciuar dichas prueckas de voladuras durante la fase de ditefa, =

habrd necesidad de hacer ajustes &l proyecto cuanda se conozca 1a produg

cidon real de las canteras, pars evicar ¢l desperdicio de este material,

Pesde un punto de vists pr¥etico y econdmico, es muy recomendable que =
come parkte del proceso de explotacidn de la cant?ra t# ingluyan vambidn
Ia; pperationes de acopio y clasificacison de la roca, de acuerda con los
diferentes ramafos y cantldadas requeridas a 1o 1;rg; de la construcsidn

de los rorpeclas,

h, FRSAICACIOY CE CONCRETOS MIDRAULICOS

-

L.1. fle=enios da torsrza

Cuance nt sea potible obtener de Tat canteras las roces de gran tomaflo =
requeridas en la coraza esterior de los rompeolas.ss recurre al ysa de -
elementer precolados de concrete hidrdulico. El proyectista puede ele~=
gif #ntre wna gran variedsd de elementas pr::nladoir:ému cubes, tetrdpo-

co1, akron, dolos, etc. ei, (48], (17), (1&), (37) ¢ (34)

Resulta de particular importancia la seleceldn de los elementos precols-

ups  gobide a gue su CO3EO, cue rosulra en general rayor que €1 e la fp-

r
.



. . ' 8,

¢o natural, incldird directamente en el ipporte <¢ la obra. Estn Justi
flea Jox esfuerzor real fzados por 1os dlversas laboratorios hidriulicos
del anda para desarroltar y entayar muy diversas forman geaéétricai -
qua requieran la menor ;antide potitle Je concreta en :aﬁ; eleamenty. -
$in evbargo, las e-pethncF;s abienidas en loy graves deterioros qQue +=
han sufride salfqumot de los rumpeﬁtaslcunstrufdus'en los Gltimas amox, =
muettran pélpablementz gue ciertos elementos precoladon, quelba:;n prin
clpalmente sy extabliidad en I trabazén de sus elementas wobresaltign-=
tes, fallan en la prictica debido a la fragillidad intrinseca de los mis-

i
L1 B

Por otra parte, 1ot bloques simplesr o con ranuras, cue in;licin la rece
tldad de emplesr mayor cantldad de concreto en cada wo de elfas, han -
revlstido mejor et embate de las clas, en virted de que sy estzbil Tdad-

tn la corara depende fu-s.-gntalmente de 3u prupiu'pt:d, ral como pcurre

o las ru:l; naturales erplesdas para el misma fIn, (39}, (34%) ¥y {14}

Cratquiera que 128 el l]pﬁ de efemento preo¢olado que ;ﬁ utitice en fa =
corsts, resulis indispensable que el concrete gue se erplee en su fabel
totibn cumplas ¢on los siguientes requisicos bdsicos: durabilidad, im--
permesbilidad v resixtencia i} y {21)  Desde =] punto de vi;ta précti
£, lo anteripr 1& logra con 1ls1r¢:amcnda:iuncs cue te énpﬂnin 2 ton-
timvacidn y las cvales deben servir £e basc para Torzular lis especifi=

caclones relativas o la Tabricagién de los goncrezos hidrdul fcas,
L]

Loy agregades para el concreto deben saclsfacer las normay gue se EapE-
clfican pars Yoy concretor narmales, principal-ente zor lo gue respecta
# wworevistencea & la compresidn T rexistencia ol atague el dpua oo mar,

reslntencis o la sbrasidn, complementaca lo anterior, ¢on wn ddecueado -«

2.

tratamiento de lavado, trituracTén si procede v elanlficagidn,

De preferencia se utilizard en las mezclas de concreto aqua dulce que -

cumala con tas normay de <alicad requeridas para lol concretos Ccowgnes,

Tomands en consideracidin gue los concretos estarln expuestos & los efec
Lot igriiivns del agus de mar, deberdn usarse de preferencias cementos -

con bajo concenido de aluminato tricdlcico. E] cemento tipo ¥ ey 2l ==

33 adecuado para este fin, pucs especialoente se Fabrica pars que sea-

resiscente a los sulfatox. - 52 recorienda tambidén gl cementn de zrcoriax

de alte horno, de Fraguado ripida ,[39). En caso de no poder disponer de
alguna de eitas dos clases de cemento, puede ytilizacse en sy lugar el -
cesara-y parciand pu;nlﬁni:n. fabricadoe p-r:isa-:htn con un cllinker purx
tanica, CLuando tampoco 3¢ dispongn de.cvalquiers de estol cementos, ==
deberkn :mplearie cementos parcland tipas | & 11, combinidndolos con un cier
to porgentaje de (eniza voladora, pézalana de alto horae o purglana na--
tural activada, con la cual se= obticne una pasta de cementante rexistents
a oz sulfacos, como se ha demostrado en obray marftimas europeas con mis

de Su I-ﬂﬂ! de \"tdi‘ L’Itil- [3]}r {h?‘}i [hjl {ISJ- {51. tﬁ1i t?]- {"'5" ¥ t3u1

En virtud de guoe la durabilidad ?t los ¢oncretos, parllienda de que s¢ fa=
briguen con agregados de buens colidad, dependard Intrinsicamente da as=
resistencia de la pasta gue aglutinard a las particulas de grava y arena,
resalta fundazental la utilizacién de alguno de Tos cementos antes meaclo

nafgs, cam o sin aditivos purolanicos. -

Jcbe procurarse gue el concreto sves impermeable para avitar que los eles-
mentod deleisreay del agua de mar, sulfatos y cloruras, seneqren en el --

caerpe de las piexras precoladas. Esta impermeabilidad se Jogra dosifican






do v compatiando dedidamente el concrero (38), (20), (2], {23). (25}, -

(%8) ¢ (&M Lo

Por lo qua respects 81 propurcionamiento del toncreto, necesario para -+
obtener dursbllidad € impermeabilidad, se recomienda lo !Fguiente:t cante
nido minlmo de cementante: 270 ﬂg!ui, cuando & Lengan ;QrEEadns con bams
Ao mialmg de 80 re. llllliﬁ; asguafcemento:  eatre OLG ¢ 050, Emplen -

de un pI;itIfléante pars mejorar la manejabilidad ce tos concretot, con la

ba)s relacisn aguafcemento antes indicada pars Taciliwar la eolocacidn y -

\ .
conpactaclén del concreto dentro e Tos malees, & Fin de ghrensr un conere

r

te demso, con elminimade poros (23], (26), (39) v (48) )

Por 1o que rewpecta & la regsistencia’s I compresidn £etp Jeberj ser camo .

minirmo de 200 Kq.i"m! cuando te utliicen agregados con tamafo ajuimo de 80
rev. en 1o Fabricacidn de bloquer y cubos. Fara elgborar elermentos frigi-
fet, cuya dimeaslién tes mayor por lo menas al doble de |a menarse reco- =
mlends una resfstencia del orden de 1os LEQ Kg!cna, con sgreqados de 58 -

s, de tamado mixiro (2}, (39}, (53), (30, {2B) y (&4) ) -

£l emplen d2 la cenize voladora, lﬂe%i: de Emparti; al concreta resigtens;
cla & Tos wwifates, permice bajar ! consums de Ecment; en la mezcla, lo -
qua B $uwl, Trae Comd venlald importante 14 }edUCciﬁn en el gradients =
térmice que 1 gonera durln;e el proceso ¢¢ hidratacifn del cenento, que-
12 traduce en ura divminucidn de Jos esfuerros térmitu.s durante el prace-
10 de frlguidu.qut inducen la microfracturacidn de los blogues, Comg ress

1
sultado Firal sz cbiient wn concreto mis dento, impermeabla y de mayor du

racia (0], {2) v (AD) '

Para controlar dehidamente 2 calidad del concreto, 1s dosiflcacidn de =
las .grcg;du;L.el EEMENTA ¥ &0 Su CALg 14 pu:ufana, % hardn precisamen~ .
ie’por L3 1 .UuFante el llenado de los moldes se procurard evitar la e
gregacidn del concreto y la formacidn de juntas frias. Se recomiends tam
Liin compactar enérgicamente Ta mezcla, utando vibradoresr de inmersidn y
e forma. Llos moldes para fabricar Yoa elementos prtznladui deberdn 3ar

robustes v con la suficiente rigider para que no se deformen durants al=

procesa de coopactacldn con los vikradoren.

- +

. .
Resuita indispensable efectuar un curado adecuado del cancreta, proscri=
biendo para eite fin, el vso de agua de mar durante las primeras 2% ho-=

rai despufs de terminade el colade. {368).

- 4
Finalmente, & recomienda que Tazx hlogued fe/mancrcan sin moverse en el=

patlo 42 colado por lo menos 28 diac, antes de ser trensportados v coloca

dos en el rompeclas, para dar tiempo & gque el concreto alcance la resia-=

[
i
i
i
1
1
1

——a g

tencls etpecificada, Cuando se yse puzolanad serd necesarlo aumentar wl =

Ciempd de fraguado +n #] patio hasts slcanzar 1a repiviencia de prayecto.

{16}

k.2, PRoca artificial

Cuando no ses Posible obtener de las canteras la rocs ratursl para 18 =

i
caps secundaria o dicha roca resulte & un tostn moy elevada, puede em——
plearse en su lugar la rocs artificial fabricada con concrete hidrduli=

ca, (18) y {190 | ¢

La roca artificial se fabrica como un conereto normal, wtillzands comn=
moldes zanjas excavadss en las cercanfas de tos rompecias, Una wed Fra

guado ¢] conercte se procede 3 Fragmentar las losas utifizands exslasis-



wvai, Yarlando 143 dimensiones de la zanja, principaimnets por lo que
reipectn a sy profundldad y combinando diverics patronss de barrena--
clén, asf como la cantidad de enplosivo 3e puede controlar a voluntad
al tamafio de T4 roca artifleial, xeqin lo demande &1 proyecin del rom
peslas.  Por wupuesto gue el ¢ancreto deberd cumplir can las especifi
caciones ya apuntadas en MY, a4 fin de que el material resultanie sea
durable ¥ reslstente 3l atague del agua de mar. Hediante esta o lu=--
cién 1e abtlene roca artificial gue normalmente puede resultar & mayor

fotto gque la roca natural; 3ln embargo, habri ¢sso3 en gue retullie

sconacjabile wu uya,

En situaciones extremat, el ndclep también padrd labricarse con roca -
arpificial, en cuys casa, pars abatie su costa conviene reduclr ¢! con
tenldo de cementante & unay 100 qun;. coa waa relacién agusfgercnoo -

hasta de O,65.
5.,  SULFACAETO

Bajo este mombre 3e identifics un materizl formado por una mezels de -
arends y Qravay, como las requeridas para un concrefo hidriulico nor--
wil, v azufre rodificads como material aglutinanie., Loy agregodos se-
eallentan antes de combinarlos con el azufre fundido ¢n la planta rez-
¢ladara, Tan pronto comg 3¢ enfris el azufre fundido se alcanzan resis
tenchas qua llegan & ser de YOO 2 Log Kg:‘:m2 segun la dosificacidn &m-
pleada. El peso especifico del sulfacreto resulta del nrd:? de 2 303 2

1 439 xgfml.

Lsta tecnolegla aun no se ha dplicedo en la fabricacién de elementoy --

de earata, more afrece pachas sotabilidades desiZo o gue e sulfacrets-

"

s resistente al ataque del agus de mar ¥ pucde resul tar miy econdmico
que el gontretd hidrauli¢e. Por atra parte, hablende abundancia de =~
arufre &n nuestro pars y escaser de cemento, resclta atractive s 3ul~

"

titucidn de un material per el otro.

+ Lonviene por lo tanto, propicler 1a Jovertigecidn bisica y 1a euperimen
‘ital de este material para conocer su durabltidad :n1l.; ohrat mariLimas,
para lo cuzl ae sugiere colar varics bloques de corazs destinados & los- )
ronpeclas de algunos 2 1oy puertes industrisles que 12 e11dn construyen

co #n MExico, para iniciar |# cbservacidn de sv Comportamiento en condi=

! ciones reales de trabajo. [0}, {16}, (32) ¥ {27)

LR GEUTEXTILES

tn Tas Olvimas décadar se ha desarrotlade una nueva tg:nulugf|.p|rl usar

fittras de flbras sintEticas £n £l desplante de obras marftiman, 1E$tui'

"filtros, que genéricamente s canocen con & npmbre de geotextlles, e =
han aplicads con Exito en diversos lugares como en fat ghras del Plan --
Delia, de Holanda, asT como on lo: rompeolas de los Fuertos de Dunkergue

"y Zeebrugge. {2L, {36) y (42} Su aplicacldn mis importante se estd 1le
| bt

vando 2 cabo cn 2 cierre del Brazo Oriente det ric Escalds, Gliimo £1)a
. ; . =
I

bin en ¢l Plan Delta de Helanda, En esta obra se colocarén alrededor de
12,5 millones de metroy cuadrados en el desplante general de esta monumen
' .

tal obra de ingenierta maritima, ' o

_Para colocar ) gegtextil} en ] desplante de las estrocluras mariticas =
1

“se ha perfeccionsdo un sistema a base ge las fajings tipo holandéx, de -

1
160 m. de largo y 30 . de ancho. Este procedimlento reselts prictico ==



1h.

para colocar ef geotextil en e} desplance de los rompealas, cuando la
]uptfflélé del grotextil ser del orden de unos 250 002 mz. En el it
rre del Brazo lzquierdo del rip Ficalda, en cue la superflcie del geo
pentit es diexr veces mayor, hubs necesidad de desarrallar una nueva LS
nlca 9a}4 habllltar en iShrica secciones d¢ geoteatil de J0 m. de anche
y 200 m, de longityd, con &lementos precoladas de concreto comg latire.
E1 geatext}! de estay dimensiones se enrolla en un tambor de B m, de -
dijmetra ¥ un pote mis de 3G m. de ancho que lo transporta Floranda hay
ty una barcaza especiaimente disefiada, gue 1o entiende en el sitio re--
quer ido por la abra. %e afirma gue exte 3isEema resulta econdnica cuan

da 1% tengan que colocar por 1o renos ] milldn de metroy fuadrades de -

geotentil.

Cabe advertir gue €3 posibite desarrellar otros sistemas para colocar &l-
gratentii, diferente & loy dos antes descrités gue y3# han sico probados
eon $xlto en su apllcaclén priciics, con 14 condfciﬁn de ¢que 1E JLEgure
un afecuado posiciomamiento del mismo y se eviten ﬂa&n: en la iela sl =

L]
yerier sobre ella 13 roca del rompealas.

7.  TRANSPQATE OE FATERIALES

7:3. Transporte de la roca

,

En cads cato debe ertudiarse el medio de lransporte mds econiaico gaca-

Tlevar hasts cl 3ltio de constructidn de los ronsenlas le roca previanen
te clazificads en los patios e las conteras. Desfe un punts de wista -
gconboica, conviene dar prefercncia al transporie Jor vig maritine o flu

vial, cuando Esto resulte factible, aun cuando para vtiliztarlo se resuie

rs hacer inverslones en |& conttruccidn de un puerto para el embarque =

de la roca en las cercanias de las canteras, asi coma de un puerto de -

carvicio en &1 vitio de la obra. E1 tramiporte earftimo v Fluvial ofre

ce la venta]a adiglonal de parmitlr descargar el materiat directamenza-
tasde 21 chalbn al rompeoctas, evitSndose ayi las maniobras de descarga-
de la roca et el muelle del puerto de ;trv1zlu. ¢l transparie de la roce
a1 patio de almacenamlents y la nuevs €arga que precede & !a pperacidn=
de colocar 14 roca en la obra. Lo anterior aumenta las ventajas de Lipe
econémico on eate medlo de transporte, €n comparsclén con #1 que 3= rea
lice por carretera o ferrocarrll. Por lo gue respecta a estos Gltimos,

convlene plancar adecuadatente la seltccidn del tipo da unidades de aca

rrec, 451 coma 103 equipoy .para 12 cargs ¥ 1a descarga, tanta en el pa-

“t1p de la cantera como en Lis carcanids de (4 obra.

7.2, Transporte de clemenios precclsdot de concrets

4

Para reduclr los E:r;us por concepte de ic;rrlu. convendria Fabreicar -=
los elementas de concreto precotada pars le cordza en un sitie cercanos
a la obra, cusndo se disponga en o) luger de agregadas a'baju cekto ¥ -
no resulte onerovo ¢l transporte del cementol eq CA1d tontrario, resul-
ta wiable Fabrices 1?5 bloques en lugeres cercanas & los puertos ya = =
exislentcs €n dand; 37 s cuente con un adecuado suministro de cemento-

¥ #greqadas.

Uns ver fraguade =l concrets de los blogues, ccondmicacenty podrin  ---
transportarie hasta la ohra par via raritima, Fluvial o terrestre hasta

el Duerto de serwicio del rompoplas en construccidn,
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v
4

Debe pru;ederse con especial ¢uldado «n [a manipulacidn de laos STagques,
t4nto +n loy patloy de colado com dyrante las manicbras de garga y des
carga ; los chalanes, » Fin de evitar que span cadados inneceSIFiamtnéz
durante estas mamfobras. E1 transparte de los elementas arecolados cel
tlpo ebbico o piralelipédi:n 1e Taclllta en virtyd de que scpusden api-,
far unaos encima de otros socbre o1 chaldn, sin tener el problema de que
1e trlht? entre 8, ¢oma 5 el caso de los dolas,rerrfpodos, etc. E£a-
o1 $lrimoy elementos tienen también la fesventaja de que Qeupin nis -+
expacio en la emharcaciﬁv ¥ por Elnlﬁ encarecen vy difigul tan su trans-

porie y descarga. (18] y ii“?l

B,  COLOCACION DE “ATERIALES

Ls conatruccidn propis~ente dicha del rorpeaias implica 'a operscidn -
. 8¢ folocacidn de los raterlaler, gque incluye caro elecente pricardiale

¢l tontrol por petc de los mismas.

A contlnuscidn se deseribren & grandes rasgos loi diversas siscemas coms

tructlves que se willizan para colocar los clemencos de un rorseslas,

5.1, VYerrido rarino

Pars efectusr cata operacién sa pueden ulilizar chalaney dr cubisrta pla
Ra, empujando 14 roca con Lractores o traxgawas. Se dispone :aﬂbién de-
equipns mis eypecializadas como son loy g¥guiles de wertida por fondo y
1ay endbarcaciones para ¢l vertido lateral cnntrnlado..hitn AEa CON YR ==

$¥stema de vibradores o con eyeciares Crancyversales,

L construccidn del ndeleo pueds hacerse ecandaicamente wiilizanda los -

thalarss rarmales y los giruiles ¢ veriida de fondp., La colacscidn de

la roca en 108 atraques al pie de 18 corpza conviess haterls de prefe==

Fencia can embarcaciones de vertido lateral tontrolado, pars garantizar

iy depdsio con un mayar grado de preciyidn,

En todos los casgs se requiere disponer &0 las embaccaclones de un $ig=—
tema de pesiclanamiento confiable y sufjcientements preciss que permita
verter la roca de acuerda con las lineas y niveles que marcan los planos
de proyecta, redpetanda fas toleranciss gue ae Indiguen en las eapecifi-

Caciones :urresp;ndltnLES. (33 ¥‘{hi]

El procedimianto de colocacidn de rocs mediante &l vertldo marlng 21 &l-
fistema mds ecomdmico y tiene como Onica limitacidn la megesidad de dia-
poner de un tirance minine de agud, Arriba de la rocs previamente <olots

da, suficiente pars que las embarcacliones naveguen ¥ desearguen sin pell

gro de vararse sobre 2! rovpeclas em ComsTruccidn,

B.2. tolocaclém a wvolteo

Este sTsgema se utillza preferentemente para construic el nicleo. Debe-
tomarse &0 guents que e} tal_ . .atural de 1a roca asy colocada results -
de alraededor €2 1.3 : 3 a 1,4 : ! como miaipa. Durante 21 avance sn =
la construccifin del nicleo se procurard gue los taluder queden protegi--
dos con la roca de mayor tamafic gque e haya especificado para exte elas-
menta cel rompeclar,-a Fin de que diip;nga de clerla proteccién roncra -
el oleaje, antes deque e arrope con la gapa secundaris de mayor tamafo,
El material de monor tamafo especifichdo para el nucleo deberd ¢olatarse
de preferencis on ¢! centro del mismo, pari limitar en lo posible la pér

gida del material Fino 3 través de 1283 cagag cecundariat. (13), Q1y) e

(&3]
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En ¢aio de que vn £l proyecto de ndcleo te €aija que wu talud emterior
1ea mis tendfdo que ¢] ngtural de la roca colocada 3 voltel, resulta -
Imgreacindible completar ta seccién wtilizando ung charcla para roca *

eperada con wra grid de capacldad adecuada. (4]

4

Pars evitar la pErdida de miterial del ndclen durante el procesos de ==
tonttrocclén se procurard ir colocandp la £aps secundaria de proteccifn
Ilo mis cerca posible de su eatrems, com tal de evicar la interferencia-
entre la aperacldn de los camiones ce wolteo ¥y 1a gria con charela para

la colocacifn de la caps secundaria,

En caso de amenazd de mal.tiempe el tramo de nicTea ya constryfdo ceber
rf prategerie gon 14 roca dir 13 capa tecunddria ¥y en casos extremoy 3E-
cubrird exta Gltl=d coa rocss o bioques de la carara para prevenfr sy -

degradacisn, [18) ¥ (L)) '

B.3., Colocacifs con charala

fomo antes de indicd, results indisperiable utilizar este procedimiento
pars tolecar la roca en s parte eaterior gelt ndcleo v en 13 caps szewn

derla, cuvando el proyecto requiers que estod materiales quedzn ton talu

dey miz tendldos que el ratursl de la rocs depositads & voltes. (L1}

Es +uy Importante hacer hincapid en il recesidad de que 1 Iimite exie-
rigr del noclen guede rugesd, sun cuands E3to roligue saiirse uo podo
de ks Fromters teGrica que marcan fos planos, & fin de que fa capa se-
turdaria quede aculfads vy ligads 41 nicleg, Por lo Lanca, el Residente-
du la abrs debe prohibir gue ¢ afine 15 superficie & contacio a qu; -

1# hace referencid, pues con tal afine se propiciard la Fomacidn de un

planc de falla que resulis may perjudicial para Ja establlided do la ca’
pa 5¢cuﬁdari;: La anterfor cbservacifn es aplicable tambicn a la twper
ficie exterior d& |2 capa tecundacia, 1a <wval ebe guedar ouy rughss, —
ton algunas pledras que sabresalgan o guedsn abajo de las |incas tedri-
cas que marcan los planos, para que en esta foraa 1a coraza, blen ses -
de raca o Jde elemenzos precalacos, 1e ligue vy acufe =n Ia capa secunda-
ri

&, para reduclr 13 posibilidad de un dealizamiento del manto exterior

de proteceidn cel rompealas. (103, (13), {12) ¢ {14)

B.4, Calecacidn con graa

Cuando o resubte prictico manejar con charola fa roca e la caps tecun
daria, resulta indispensa¥le colecarla pleza por pieta, mediante wne -~
gria. Este mismo procedimiznco se hace extensive 3 la colocacidn de ro

€a de coraza y los 20" - wus preceladoy de concreto pard la misma. (L3}

Ourante el proceso de colocar lot bigques precolades en la coraza. hay-
que respetar 14 2speciflicagidn gue marque €1 proyecto sobre el ndimeros -
de elemantos gque deben colocarse coma minima, en dos capas, sobre una -
suserfizie dade del talud dJel romprolas, & (in de obtensr uyna predeter-
minada pargiidad en dicha carata f';ﬂ.cubfl totalmente 1a capa seCunda-

ria.

furante 13 fase 2 colocacifn de los elementos precalados debe wrilizar-
se un disposTtive de izale que no Tos defe y al mismo tiempo Tagilite la

oporacidn de descargarion en ¢l ralud det rompeclas,

En el caso particular de lox blogues rafurades, bien sea del ripo Zenomi

nade VS, expleads en Antifer o el cubo ranuracdo tipo A, recomendavd pada
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lod Pusrios de Dos Bocar y El Dstidn, se recomienda que 1o blogues ==
queden con sus ranuras sproximagaments perpendicutares al talud de Ta-
copa yscundaria, En la prictica e hy encencrado, =specialmente en --

Antlfer, que mediante e1bd precaucidn los blogues s& mantienen rejor =

en ww lugar {tB), y no proplcian £ retase de Tas alas,

Ourpnte ba fare de dlacho deben snalizarse las dicensiones de 135 griss
‘de distintos tipos y capacidades qua serd posrible utilizar para colocar
los elerentoy de coraza, €0 virtud de que éxcp inf!uit§ en el ancho mi-
nimy de corona reguerldo d;rant: ta construccidn, Al ancnd necesario -
pora la gria deberd aumencarse, cudndo AsT convenga, el correspondiente

# v Gcarrlil para el rrdmsico de los caniorer gue colacardm a worileo els

raterlal del niclee ,pdelante de 12 groa. (13} .

Ex muy recomendable gqua la colocacidn de los blogues de coracza se reall

e con s gros apoyada precisomence wobee 1 torona del rotpeolas, ya -
que cuando la groa ae mencd sobre un chalin, resulta cuy imprecise la -

eolocacidn de 1oy elementos de coraza.  Como soluchdn aigern{:iva A &y
tz procedimiento, pusde empleqrie wna gria montada en una harcaza avra-
elevable (Jack-up]. sun cuando cabe ddverzir que la utilizacidn de este
tlatema debe analizarse culdadosamente desde el punte de vi4a econdnis

-

£a.

5. RESTDEHEIA QE CONSTRUCZION '

fo~o 22 dijo en Fa Incroduecidn, las Fazes de diseho y conttruccidn de-
un rompcalay requieren para su debida coordinacidn, de 1o sSlida grgani

raclén oportund de una Retidencia ¢ Constrwecidn, la cuzl seed respon-

i

=

.

| samle de que la obra-se construya precisamente de acuerde con fos alanoa

v especificaclones del proyecto. Tendrd su cargd el elercicle esirict
del contrato; wigilard el conirol de calidad de todes y rads wno de loi-
clementos constitutivos del rompeclas y supervisard todas Tas fases de -

calocacién de los diferentes elementas gue lo forman,

Para cumalir sut Funciones la Residencia de Construcclén deberd disponar-
dé suficiente personal c:pe:ra}izado. gue 5 la vez que conozce 4 fondo --}:
los criterics bisicos que normaron el disedo del prayecta. tenga t-peri::-
cia an =l campo y mente ablerts y Mlexible para :!!udia;: rechatar o scep

Car, &R i 430, Ios procedimiencos de consiruccidn que proponga &1 con--

Lratista, de acverdo con s recursos disponibles, sicmpre y cuando el pro

 dueto Tina! reyponda a lov requisitos de diseho y calidad preestabtecidos-

v se logre ejecutar 1a obra en el menor tiempo pasible y a2l mis bajo costo.

Solsmenze bajo estas condiciones serd posible que la obra que se Tonscruys

responda o @ finalidad bisica para 18 que fue divefiada v estard en cond|-
gignes ¢e cumplir satisfactoriamente sus funciones a To largo de Ja yidas

atil  prevista para la misma, No debe olvidarse que el rompealas gg wn -
elamento de infraescructiurs h&;i:a cuys falla parclal o total podri entor
pecer a aun 1legar a paralizar las labores de operacidn portuaris. gque »l

final de cuences, constltuyen ta meta bisica a alcanzar en tualquier puer

.

Tod# la atencidn y esfuerit que sz preste 3 la supervisidn y conltral da-
la obra, a g larea justificard con creces el costo de la Residencia de-
Construccidn, pues mediante su intervengidn se gontrolard su ejercicin -
presupuetial, ol mismo Licmpo Gue ve garanlizard v £OFrEcld Coanttruccidn

confarse al proyecto, To cual se reflefard a 13 larga, &n un MeNGr cinla
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de mantenimiente y, lo que es mis impartance, se disminuird ¢l riesgo -

de gue ocurran fallas catastroficas como 1as registradas en algunos rom

peofas de los auevos puertos petraleros e industriates recientemente --

construidos en Europa y Alrica.

Jomands on consideracion e) riesge intrinseco que [mplica ta consiruc-
cién de obras coms los rompeclas, que €3tardn eapuestas al embate del-
mar, ¥ale la pena reflexionar en ¢l sabio consejo gue -pas.dejd Lecnardo
da Vincj: * Cuando tengas gue lidiar con el agua consulla primera la-

expcriencia y despufs razana't. . . -
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Incidencia de 1a Ingenieria Ocednica sobre el Ecosistema Marino

Or. Luis A. 5oto

instituto de Ciencias del Mar y

Limnologia

LK AM.

Desde los comienzes de la civilizacidn, los mérgenes costercs de los continen
tes y las islas ofrecieron al hombre una amplia variedad de recursos naturales,
Inicialmente, estos ambhientes representaron &reas productoras de alimentos y
vias de acceso al tramsporte y operaciones comerciales, Al principlo, las
regiones seleccionadas para tales propdsitos se localizaban en mirgenes
costeros protegidos © bién en el interior de estuarios; sin embarge al incremen
tarse las transacciones comerciales, se hizo evidente la ampliacidén de puertos
y la construccion de estructuras que asegurasen el uso continuo de dichos

¥ Ll 4 L
puertos; con ello, el hombre comenzo a interacciconar djrectamente con las pro

cesos naturales del Ecosistema Marino, Con la ampliacidn de canales natura

ies se did lugar a practicas rutinarias de dragado las cuales dieron paso pas
teriormente a operaciones de construecidn de muelles, rompeclas y canales
artificiales. De esta forma, E].homhra inicio la modificacidn del ambiente
acuitico, creando asi procesos ecoldgicos muchas veces, unidireccionales e

irreversibles,

En la actualidad Jos grandes nucleos poblaciones del munde se hallan concen
trados precisamente en leos mdrgenes costeros de los continentes y Jas islas,
lo cual evidencia la urgente necesidad de establecer un uso y un manejo racip

nal de estos dos importantes ambientes ecoldgicos.



Las zenas costeras constituyen para muchos paises, la principal fucnte de
Fecursos naturales y la via de accesc al comercio [nternacional., La
continua medificacidn de estas éreas y el creciente acumulo de praductos
de desechos de la industria y centros urbanos son en el presente, motive de
gran preccupacién para cientificos, planificadores y legisladores, Bajo
e5tas circunstancias, se hace imperative el estudio y la comprensidn de los
procesos naturales que tienen lugar en el Ecosistema Acudtice, teniendo en
mente, que un Ecosistems no constituye una simple abstraccidn, sino que sig
nifica un complejo sistema de organizacidn en el cual interactian compo
nentes bioticos y abidticos; ambos componentes mantienen entre si, un delica
do equilibric, gracias at cual, dichos Ecosistemas Acufiticos {marinos—qstqﬁ

rinos) mantienen sy estructura y su fupncienamiento Sptimo.

-

En la dltima década se ha dado realce y gran difusidn a ba conservacidn de
la naturaleza; sin embargo es oportuno clarificar algunos conceptos ecaldgi
c0s que pueden contribuir 2 la introduccidn de puntos de vista ambientales
en la ensefanza ¥ en la farmacidn de profesiocnales cuya decisiones repercl
tirdn directamente scbre la evolucidn de los Ecosistemas Acudticos. Fara
lograr este objetivo, es importante disociarse de todo sensacional ismo ama
rillista y reconocer en la Ecologia, a una disciglina cientifica cuyo carac
ter objetivo y multidisciplinario nos permite interpretar el desarrcllo vy

funcionamiento de los Sistemas Yivos como partes de un todo.



Atepndiendo a los intereses de este Seminario de Ingenieria Ocednic.:, a con
tinuacidn se ofrece una versidn resumida de los principales conceptos sobre
Ecosistemas Acuiticos, los cuates servirdn de base para la exposicidn oral

sobre el tema,
Introduccidn al estudio de los ecosistemas.

. éﬂnCEptﬂ de ecosistema,
Ei ecosistema puede entenderse como-un sistemd ecoldgico constituido por
elementos vivos y no vivos que presentan un intercambic de materia y energfa
dentro de un proceso dindmico de interaccidn, ajuste y regulacidn, con una
estructura y funcién caracteristicas, y cuyc resultado es 1a evolucidn a ni

vel de las especies y Ta sucesidn a nivel del sistema entero.

lLa comunidad, o elementos vivos, que integran el ecosistema se designan con

el nombre de biocendsis; se 1lama bictope a los elementos no wives, represen
tados por ei ambiente, . Al sistema formado por la biccendsis més el biotopo
se |le denomina ecosistema. Las primeras concepciones de ecosistema fnelufan
esta sencilla definicidn, pero otros autores ecoldégicos han tratado de redefi
nir y conceptualizar al ecusistﬁma de una farma mis completa, como nodria ser

la que aparece en el primer parrafo,

"El ecosistema es el nivel de organizacidn bioldgica més comple)o, y constitu

yve la unidad fundamental bdsica para la ecologfa.



. Estudig 2nalitico del ecosistema,

El estudio de los ecosistemas es sumamente complejo; partiendo de su concepto,
e] estudio del ecosistema debe contemplar el exdmen de las relacicnes que se
establecen entre determinados factores ambientales con una o varias especies,
cdmo determinan 1a existencia de ciertas poblaciones y las formas de intera
ceidn que se establecen entre 1as especies { competencia, simbicsis, pre

dacidn) .

Podemos empezar por establecer las caracteristicas ambientates y fijar posicio
nes de interaccidn de cada uno de los elementos que componen al ecosistema; de
esta forma se obtendria una visidén detalladz ¢ "microscdpica del mismo, lo

cudl seria sumamente complejo, costesc y a muy largo plazo,

Sin embargo, podemos hacer afirmaciones de tipo estad{stico, socbre las varié
bles del ecosistema, y dar upa interpretacidn general sobre el comportamfento
del misma, utilizando conceptos come biomasa, diversidad, productividad, gue
en gran parte son el resultado de la dindmica del ecosistema, ¥ que, al darnos
una vision general o "macroscdplica' del mismo, nos permiten entender su
funcionamiento al relacionarlo con su estructura, y obktener und visidn de sin

tesis de los procescs bicldgicos ecolégicos que en &1 ocurren.

Gesde un punto de vista funcional, un ecosistema puede analizarse adecuadamen

te en términos de {os siguientes {s. Odum):



1} circuitos de energia, 4} ciclos biogeoquimicos,
2) cadenas de aiimentos, 5} desarrol o y evolucidn, ¥y
3) tipos de diversidad en &) control y estabilidad.

tiempo y espacio,

. Tipos de ecosistemas.

En general, podemos distinguir tres tipos de ecosistemas:
a) los ifamados insulares; ecosistemas relativamente confinados,
con un ciclo de materia que se encierra casi en su interior,
que s6lo reciben energia solar de fuera, y que dependen muy

poco de sistemas exteriores. Ej: lagos.

b) ecosistemas que se repiten una y otra vez en distintos Jugares
y siempre bajo condiciones similares ambientates. Ej: ecosiste

mas bien definidos como arrecifes coraiinos.

c) ecosistemas gue alteran gradualmente sus caracter[sticas en ei
espacjo, pasendo en forma paulatina por condiciones o caracteris
ticas de composicidn y eguilibrio diferente. Ej: |la mayoria de
los ecosistemas, inmadurcs como el océano, lagunas costeras,

manglares, etc.

Margaleff distingue otro tipo de clasificar a los ecasistemas, atendiendo

a 5u estado de madurez; asi, si la diversidad se considera como una medida

de 1a madurez, diferencias locales de las estructura de fes comunidades,

.



pueden interpretarse come diferencias en 'a madurez del ecosistema, y enton
ces podemos reconocer 2 tipos de ecosistemas:
al ecoSistemas anisotrdpicos, como agueilos con diferencias

locales en fa madurez, ya que presentan fuertes gradien

tes de diversidad, ¥ las partes adyécentes es5tdn relacio

nadas en un ciclo tréfico, y es posible distinguir

direcciones muy significativas en el transporte de energia,

de! estado més diverso al mencs diverso, Ej. comunidad del

plancton cceanicoe.

b} ecosistemas isotrdpicos, que presentan en todas sus partes
igual grado de madurez, ya que su diversidad se encuentra

distribaida homogeneamente.

Estructura del Ecosistema
. Componentes Bidticos
Del punto de vista funcional, el ecosistema tiene dos componentes:
a) Componentes Autdtrofo [Productores)- Dende predomina la
fijacién-de la energia, el uso de sustancias inorgénicas

simples y la formacidn de sustancias complejas,

- b} Componente Heterdtrofe {Consumidores)- Donde predomina la
utilizacidn, recarganizecicn y !z decomposicidn de materia

les complejas.



Los hterdtrofos de acuerdo con su al imentacidn se dividen en:

a) Fitéfagos ¢ Herbfvaros - organismos gque se alimentan de
plantas.

b) Zodfagos § Carnivores - organismos que se al/mentan de
animales.

¢} Detritéfagos & Decomponedores - organismos gue se aiimen
tan de materia muerta.

»

d) Omnivoros - grganismos que se alimentan tanto de vegetla

les como de animales.

Funcidn del Ecoslistema
. Ciclo de materia, (c. bingenqufmicnﬁj
Todo ccosistema presenta dos ciclos: uno de materia vy otro de energia, gque

representan el funcionamiento del ecosistema,

v

El cicle de materia es m3s & menas cerrado: determinados elemantos son
asimilados por determinados organismos, toman parte en el metabolismo de
déstos, pudiendo pasar a formar parte de otros organismos cuando é5+os ingie
ren a fos primereos, y tarde o tempranc vuelven a quedar en el mediu en for
ma inorganica, o de compuestos orgdnicos sin formar parte ya de la materia

viva, para después volver a ser asimilados por otros organismos.,

Asj, todo elementc completa un ciclo a traveés de la parte viva y no viva
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del ecosistema en forma de un flujo cerrado.
—

. Flujo de energia.
El ciclo de materia va siempre acompafiado de un flujo de energia; el ngjn
energético no constituye un flujo cerrado, y& que {as transformaciones de
energia ocurren en un 50l sentido debids a que la energia se degrade y no
es recuperabie por los nrgaﬁiSmcs. Se puede entonces haklar de un ciclg

abierto de energia que impulsa al ¢ciclo cerrado de la materia.

En las sucesivas transferencias de energia, €sta circulza en forma de energia
quimica, es decir, asociada a compuestos quimicos cuya energi2 procede, en
Ultimo térming, de la captada v asimilada por los productores primarios,
Entonces, los organismos cuyos procesos de sintesis dependen de la energia
solar se denominan productores primarios, y 2quellos cuyos progesos de sinte
5is dependen de la enerqgia derivada de otros organismos son 105, productores

secundarios,

La produccidn de materia organica por los productores primarios constituye
una fuente de energia potencial susceptible de ser utiiizada por organismas

de niveles tréficos superiores, por lo tanto, la entrada de energfa al sis



tema constituye la produccidn primaria; la produccidn secundaria e agquells
que comprende a los niveles trdficos superiores, y que representa la utitiza

cidn de la energia transformada y acumulada en el primer nivel trdfico,

La velocidad a la que es almacenada la energia por la actividad fotosintéti -

ca, 5 la productividad primaria; y en este sentido, se puede hablar de 1a

productividad secundaria, que representaria la velocidad de |la produccidn

secundaria, La productividad primaria se puede considerar de dos formas:

PPB (productividad primaria bruta) - veiocidad tota? de la fotosintesis,
incleida la respiracidn.

PPN (productividad primaria neta) - velocidad de almacenamiento de materja

organica (sin incluir respiracidn).

Partiende de estos conceptos, podemas utilizar un modelo sencillo para enten
dar el flujo de energia en el ecosistema, y las transformacicnes energéticas

que ocurren en cada nivel tréfico,
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Las entradas de energia en cada nivel compensan a las salldas, tal .ome lo
expresa la la, ley de la termodindmica, y cada pase de eneryia va acompafia
do de una dispersién de energia en calor no reutilizable por los organis

mos, tal como To espresa la 2a. de estas leyes,

Madurez del Ecosisteme

. Sucesign y climax.
La sucesicn ecoldgica se puede considerar cono un proceso de la ocupacidn de
un area po; los organismos, proceso de auto-érganizaeién en el cudl el eco
siséema puede pasar a través de dlferentes estados; cualguier cambfo que le
lleve a un estado mds resistente es inmediatanente asimilado. El estado

siguiente en una suces5idn puede predecirse, pero s§lo a nivel macroscdpica.

La sucesidn no es necesariamente un proceso continuc; ademds, pueden existir
estadas de '"regresidn', o bién, debido a que el ecosistema no presenta atn
un dominio del amblente, &£ste uUltimo puede impaedir que el ecosistemd avance

en la sucesidn,

Margaleff opina que el proceso de sucesidn e5 equivalente a un proceso de
acumulacidn de informacién, En el tiempo, 2 informacicn adgquiricd: se
expresa en una nueva organizacién del ecosistema; esta organizacidén toma en
cuenta los cambios predecibles de)l ambiente, y mds adn, controla al ambiente,

de modo que en ! futuro, pequefos cambios en la comunidad serdn necesarios

para que el ecosistema2 siga ocupando Su Area en forma estable,



Puede cons/derarse que la coloniacidn de up drea es el primer estalo de la
sucesion, y és5ta (la sucesidn) puede existir indefinidamente hasta que, por
o menos, el ecosistema no lleque a un estado méximo de madurez y estabill
dad. For esto, existen ejempios de ecosistemas que se encuentran en un
estado cualquiera de sucesidn, sin que puedan llegar a la madurez hasta
después de un tiempo considerablemente grande (como ias comunidades planctd

nicas de aguas templadas).

Al nivel macroscépico, pueden reconocerse ciertos cambios del ecosistema en
e! proceso de su:ésidn, o cambios que se espera que sucedan confarme el eco
sistema va avanzando en madurez.  Los cambios mas importantes serfan: ’

incremento de biomasa, producci®n primaria y diversidad; multiplicidad de
nichos, alargamiento de Jas cadenas alimenticias, especializacidn, estabili
dad del cociente PP/B, tendencia a reducir la tasa de reproduccidn con una
major proteccidn a los jdvenes, dispersidn organizada de especies, incremen

to de la cadena de detritus, y, en términas energéticos, una mayer eficien

ci@a en la utilizacibn de la energia como sistema.

La sucesidn es un proceso 3sintdtico, ¥ la entrada d; especies &l sistema
tiene un limite reazl por lo cudl la sucesidn no puede ir mids alld., Entonces,
12 sucesién tiende a un estade que podriamos considerar estacionario {(enten
dido como de estabilidad dinéﬁica], que en ecologia se le denomina comunmente
como climax, Sin embarge, por la dificultad gue representa el poder defli

nir un estado de climax en cualquier ecosistema, Se prefiere hablar de los



ecosistemas como mas O mends maduros.,

. Estabilidad
El concepto de estabitidad ha sido muy discutido, pudiendo distinguir dos
conceptual (zaciones.
a) hay quienes opinan que la estabilidad es la consecuencia
de las interacciones que ocurren dentro de) sistema, en
donde el sistema tiende a un estado estable bajo cnndicig.

nes constantes,

b) sin embargo, 1a estabilidad debe de tener que ver con las
variables exdgenas al sistema; entonces el término estabi
lidad se usa para designar la habilidad del sistema para
permanecer razonablemente similar a si mismo, absorviendo

dichps cambios,

El concepto de estabilidad de Mac Arthur, es el més comunmente empleade en
ecologia, y corresponde a la segunda concepcidn {b} en 1a que estabilidad

refleja la gran resistencia del ecosistema a los canbios externos.,

0e acuerdo con Mac Arthur, el ecosistema es estable, 5i sobrevive & muchos
cambios, pero preserva ciertas caracteristicas esenciales (que hay gue defj
nir), lo que consigue cambiando especies, variando {as proporciones entre

unas y otras, usando vias alternas en las redes tréficas, etc.

E]l concepto de estabilidad puede entenderse <on un eSguema en el que Se



represente al ecosistema como un conjunto de puntos.

Cada uno de elios corresponderia a un elemento del ecosistema, Entonces,
un ecosistema constitufde por un mayor nimero de efementos presentaria menos
fluctuaciones, y el flujo total de energfa por unidad de biomasa serfa tam
bidén menor; 51 las especies son mds numercsas, puede existir une especizliza
cién mayar, un mayor aprovechamiento de lo ingerido, un menor despilfarrc de
energia debido a2 1z disminucidn de la tasa reproductiva, 'y menores floctuacio
nes de las poblaciones, .
‘/Ebi.h.bi|id,ad ~
A A vy

R

Entonces, ¢on una mayor posibiiidad de relaciones entre los elemenios del
ecosistema, se tendrd una estabilidad mayor, con una eficiente utilizacion

de la energia,
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ECOLOGIA RELACIONADA AL DRAGADO 4

INTRODUCCION

En los filtimos afos, la descarga de deshechos humanos e industriales den-
trc del ambiente marino, ha ido en aumento convirtiepde las &reas draga-
das, en depdsitos de materijal contaminadeo,

Aunque en deneral el dragado y eliminacién del matarial puede crear mu-
chos problemas en el medio ambiente, en este particular caso puedé ser
solo atribufdo al drasado en el sentido ge que 1 existente problema pue-
de ser agravado disturbando el estatu quo de un lugar en particularl En
1a mayorfa de los casos, los efectos de las &reas dracadas, como un fend-
meng © momentdnen, podrfa ser menos-cbjetable oue las causas naturales,
tales como: tormentas, inundaciones, las gue podrian conventirse en be--
neficiosas 2 large plazo. '

Si las intencionadas operaciones de dragade nresentaran aspectos dafinos
u obietables, se deberd de elaborar una evaluacifn detallada del nroyecto,
concediendo apropiada consideracifin a tos beneficios del proyecto asf
_como los efectos en e medio ambiente.

No se considerardn aqui los efectos evidentes por sf mismos - principal-
mente de naturaleza psicolgoica - tales como: ruido, obsticulos visuaies
vy olfaty asi como turbiedad causada por las operaciones de dracado. Esto
tamhién es ép]icab1e a las consideraciones econdmicas.

" GENERAL

Las consecuencias de la eliminacidn del material dragado en el medio ambi-
ente, consiste en 1a presencia de contaminantes y especificamente el posi-
ble transnorte de anuellas a otro medio ambiente (la movilidad). E1 medio
amhiente se deberd de identificar aquf como: agua fredtica, cosechas,
oroanismos aniqa]és, etc. Como resultado del método de dragado aplicado,
métado de transporte del sedimento y de procesos guimicos/fisicos, conta-
minantes tales como: materias anoradnicas, metales pESadns; petrSlec ¥y
ctras materias alienantes al medic ambiente; podr&n ser 1iberadas y movi-
das. Los efectos en el medio ambiente por la descarca en el mar, lages
y tierra serin considerados en esta exnosicidn. '
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As{mismo se ouede también investicar, qué pasarfa si los trabajos de
dracade tuvieran que-ser detenidos {alternmativa cero) y que posibili-
dades puede.brindar el desarroilo de depdsitos alternativos y métodos
de tratamiento. )

Se hard uso.de informacidn de distintas fusntes, tal como un rencrte

preliminar completado en 1978 con relacibn al efecto del medio ambi-
ente de depdsitos de dracado en el ouerto mis arande del mundo: ROTTERDAM

Cantidades

o e mm T o

Corrientes de agua.

Para poder entender la orovisidn, cantidad y composicifn del material
dragado, es necesaric saber acerca del movimiento del aaua.

E1 movimiento de aauas en rics, mares v océanos dependen especialmente
.del origen ¥ dispersidn de los contaminantes.

. Provisitn de sedimento

- P o mm mm o B R Em m o W R mmoam g e

A este'respectd, se debard de entender que una ienqua de anua salada ne-
netra interiormente cerca del fondo de los rfos, teniendo una oran in-
fluencia en el asentamientn del sedimento transportade por &stos. Debi-
boe 2 esta lenaua de agua salada, el sedimento del mar serd depositado

en los nuertos y vias navegables gque se encuentran mis cerca al mar.

- Como un ejamnlo tenemos: En Rotterdam los rios nroveen 30 = 50 mo de
sedimento ‘por litro durante una descaroa normal de agua (2200 m3/sec.}
Esta cerriente de sedimento no se encuentra completamente sincronizada
al movimiento del aova. Sin embarag, en la ausencia de yn métddo mds
preciso, los cdlculos para la provisibn y distribucién de las diversas
corrientes, estdin basados en los movimientos conocidos de aoua. En el
caso de Rotterdam los ciculos muestran que, del sedimento provefdo a
través de las descarga de Tos rfos en el delta del Rin, aproximidamente
el 30% se aSienta en Tos puertos y accesos nortuarios, De esta manera,
los rios proveen por 2fic de 3 a 4 millones de toneladas de sedimento,

El mar provee anroximidamenie 7 millones de toneladas de materia en sus-
pens¢ a los nuertos y vias navegables que se encuentran cerca del mar,
Lz cantidad total de sedimento dragado es de un volumen anual de 21 mille-

nes de m3 de material mojade {11 millones de toneladas, neso de material
SECO},



Para poner estos datos en persnectiva, podrfa ser de interfis observar
que, PequednatjrSmith (referencia), cuando manifiestangue 1a mayorfa

de sedimento de orano finp alcanza el oc8ano a través de los rios.

Flles estiman que alrededor del munde, una cantidad anual de B x Ing de
toneladas métricas es depositada en el talud continental y su ascenso
-conticuo. . Por 1o menos el 40% de é&ste es arrastrado por, mds © menos,
una docena de rios mayores. Solo el rio Mississinpi transoorta anvai-
mente 200 millones de metros clbice de sedimento 2 y mis alld de su del-
t2. También estiman que solo en la ddrsena Arnentina se dan entre 30 ¥
300 millones de toneladas mdtricas de material 5uspend1d6.

Composicifin eranuvlar

____________ [

La comosicidn granular de los diferentes tinos de material dragado {va-
" riando de Jugar de dragado) no es constante. Lla composicidn es impor-
tante cuando se clasifica y compara la naturaleza y caracteristicas de
las diversas mﬁqstras.

A Este resnecto, se debe de comprender ague la contaminacisn del material .
dragade serd determinado nrincioalmente, por las partfculas mis finas.

Lontaminacidn

Del sedimento del Rin, data de los siolos 15 y 16, se ha establecido que
los metales pesados se dan naturalmente. Sin embaroo, hoy en dia el

. tontenido de metales nesados asy como.otros contaminantes, son mucho mis
sionificativos. - '

Los siguientes contaminantes serd revisados en esta exposicidn:

- metales pesados

- cuernos extrafios al medic ambiente, tales como pesticidas
- petrdleo

-~ clorurg

- cuernos orndnicos

- alimento, tales como: nitrdaenc y flsforo

- micro-&rganos tales como: wirus y bacterias
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Cuando se tiene en cuenta metales nesados, se prestard atencidn a
aquellos elementos que por su accidn téxica, pueden ser probados o es-
nerados.

Cuervos extrafios al medio ambiente son aguellos que nunca o casi nunca
se dieron anteriormente en sedimentos. Acciones humanas han causado

su distribucidn, Estos cwerpos, 0 no se desintegran, o lo hacen muy
lentamente. ta acumulacién de estos cuernos y sus derivados revelan ex-
tracrdinariamente asnectos del problema.

E1 petrdleo consiste de muchos comnonentes con variables caracteristi-
cas neligrosas. £stas son muy amenudo dificiles de desintearar. Ali-
mentos tales como nitrdneno y fisforo son tambi€én considerados como con-
taminantes. E110$ Dueden causar un crecimiento excesivo de algas.

Las qgrandes cantidades de contaminantes nueden ser removidos a través
de} dragado de mantenimientc, denendiendo del grado de contaminacidn

dei material. ' - ) :

Se verificd de cdlculos nlgbales desinnados a apreciar los distintos con-
taminantes, que en Rotterdam se nodfa remover:

- 10% a casi 100% de materiales pnesados, de preferencia aqueilos
unidos al.sedimento con el material dragado.

- 50 - 60% de} aceite, incluvendo derramamiento en el Srea
oortuaria.

- menos dal 10% de los hidrocarburos,

- casi &1 100% de los cuernos orodnicos ¥ fosfora.

ke =

Comnortamiento de la contaminacidn,

La contaminacidn puede ser comnuesta de varjas formas: por ejemnlo, di-
suelta en el apua, fijadas intercaladamente a narticulas s8lidas o co--
mo comouesto quimico estable. El orado de composicidn es determinado
nor condiciones quimicas, fisicas y bactereoldoicas.

Lo mas conocido es acerca de metales pesados,

o e m wm m an EE

Como consecuencia de 32 descaroa del material dragado en el aqua, se da
mezcia y dilucién. En el mar, las partfculas pequefias, relativamente
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las mds contaminadas, serdn desplegadag sobre una oran drea. La mayo-
rfa de los metales pesados disueltos, serdn transformados en finos '
cuerpos s&lides suspendidos (Bxido metal) causado por el oxfgeno y/o
acidés alzada. Las particulas de sedimento pueden actuar como "filtro
de polvo", Finalmente, 1a contamina¢idn serd anilada en el sedimento
del fondo. '

Descaraa en tierra - -
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Dependiendo de la composicifn del material dracado a ser almacenads en
‘tierra, lps contaminantes libres oueden unirse con otras partficulas de
arcilla o humus o ser tranformades por proceses biolfgicos de demoli-
cifn, La-extensién en la que los contaminantes sen liberados, depende
de: 1luvia y evaporacifn, norosidad dei material dragado y caracter{s-
ticas del subsuelo.

Posihilidades de liberacién de Tos contaminantes
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Del desnojo draqado, se distincuen 10s siguientes puntos principales:

a) en el mar .t seoaracidn, baja acidés, aqua salada, dis-
. - nersisn amplia.
b) en lagos .t separacidn limitada, agua fresca o salebre,
' " dispersifn y dilucidn limitada.
¢} en tierra : no hay separacidn, transporte 1imitado, por:

absorcifn, vegetacibn capa superior rica en
oxfoeno.
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A
EFECTOS EN EL MEDIO AMBIENTE POR DESCARGA EN EL MAR - ZOCALD CONTINENTAL

0 ALTAMAR

Debido al considerable volumen de material dragado de ciertos lugares

portuarios, la descarga en el mar de un material dragade relativamente

limpio, es inevitable,

Ha sido establecido que en Rotterdam, especialmente en condiciones se-
veras de tiempo, una parte del material dranado descaroado en el mar,

reoresa al accese portuario.

E]l presente

Los mares y. ocEanos 5on usades para diferentes finalidades. En este
contexte 1a pesca eS importante,

Se conpce Muy poco acerca de la calidad de los fondos acudticos y se-
dimento de los maras y océanos,

Plancton es 1a base para la vida marina, Plancton es la fuente de
alimento para los oescados quienes @ su vez son la fuente alimenticia
para aves y mam{feros. Plancton gue muere regresard 2 la cadena ali-
menticia, usuaimente a travds de 1ps oroanismos del fondo acudtico.

fuando se descaroa el material dragado, la vida del fondo acudtico del
Tugar es destruido y la formacifn del olancton es cbstaculizada.

La orovisibn de sedimento por ejemnlo por rios, &s parcialmente un pro-
¢eso natural, mids no asi el bombeo del material dragado contaminado en
un lugar cualquiera. La influencia de contaminacidn de plancton es difi-
cil de establecer debido a la distribucidn de estos organismos. EI
plancton se restituye asf mismo muy rdoidamente en un nutrido ambiente
maring. Los efectos de especies de fondes mds amnlios, tales como:
choros, ostras, Jlangostas, etc. nueden ser calculados con precisidn y
pueden ser relacionadoes, hasta cierto nunto, al orinen de contaminacidn.
De estas esnecies, especialmente, los choros ¥ ostras pueden ser severa-

mente dapados por la resencia de contaminantes filtrados y absarbidos
por ¢l agua.
Las consecuancias en los pescados también son conocidas nerp debido a

su movilizacidn es dificil de establecer una relacién en el oringen de
contaminacidn, ‘
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Los pescados son vuinerables, especialmente cDando estos son alin pe-
quefios y por ello necesitan de una maternidad limnia.

En las capas gruesas de los pbescados, aves y especialmente mamf{feros,
" Tos contaminantes tales como metales pesados ¥ otros cuerpos extrafos
nueden acumularse.

Cuando estas capas de arasa son usadas como alimento de reserva, puede
darse una muerte masiva.

Los mamiferos transmiten a la prole, por medio de la leche, la conta-
minacidn acumulada en el Eherpu de 1a madre.

Los horbres tambi&n pueden experimentar jos efectos negativos a través
del consumz de estus.nescadns y mariscos. En Japln han ocurrido casoes
muy Serios, ,

Actualmente no es posible relacionar la descaroz en el mar de material
dragado contaminado con un sosible incremento de efectos peligrosos.
Sin embarga, se szbe que si no as controlado, estas descarmas aumenta-
rdn la cuﬁtaminaciﬁn en e] ambiente marino corsiderablemente, haciende
que tales consecuencias se den mas marcadamente.

Altamar

Esto es definido por Pequeconat y Smith (referencia) como:

fsa oarte del océano al vy mis 2114 del maroen exterior de la platafor-
- ma submarina - descanso de la piataforma. Este descanso puede darse 2
profundidades de hasta 200 m, Ellos sutieren gue estos descansos a

esa profundidad o mis, son adecuados como lugares de depfsitos del ma-
terial dragado,

Teniendo en consideracién que la tierra estd cubierta de acua en un 71%
del cual el 80% tiene una profundidad de 2000 metros, quedard claro que
el drea de ia nlataforma "submarina es relativamente peguefa por cuanto,
menos adecuada gque altamar como jugar de depdsito.

Mis aln, los océanos oroducen menos del 1,5 al 2% del alimento mundial
marino.

Tait y de Santo '72 (referencia) predicen que altamar nunca contribuird
con mds del 1% del total mundial de oesta marina.

E1 compleio de 1a plataforma intericr del estuario es el mejor oroductor
_de alimento marino.



EFECTOS EN EL MENRIO AUBIENTE POR DESCARGA EN TIERRA

Historia

——— Wb

En varios nafses, y principalmente en los Paises Bajos, muchas §reas
han $3de rellenadas con material dracnado. Esto también qcurrid en

el &rea de Rotterdam material el cual provenia de 1a creacidn de nue-
vos puertos pn; tanto no contaminado y otra parte del dragado de man-
tenimiento de puertos y vias navegables existentes en el drea.

Ho obstante, se requiere de métodos de maduracidn muy perfeccionados

¥y de grandes sunerficies para el depdsito de material dragado {aproxi-
midamente 150 hectdreas por afio por milldn de metros clbicos de mate-
rial mojado; en Sreas sub-tropicales y tropicales, &sta podrfa ser
menordependiendo de:  1luvia, subsuelo y vegetacidn).

Situacidn actual

Actualmente, la locacidn y paisaie del drea de descarga serd determina-
da por los factores tales como: espacio, erosifn, sedimentacidn, con-
diciones de tiempo, etc. También sers determinado por la vidz racio-
nal, animal y venetal, por el cultivo de tierra y el género humano,

Efectos

Cuando se descarga el material contaminado en tierra, la calidad de
agua en la superficie y del fondo, oroanismos y flora del suele marino,
pueden ser afectados y finalmente a través de la cadena alimenticia,
los animales.y el ofnero humano. Metales pesados y cuerpos extrafos

al ambiente pueden poseer caracteristicas tdxicas agudas y acumularse
en drgancs nenerando cancer, et¢. Con relacifn a Tos metales pesados
debe de notarse que esta accidn puede ser aumentada a la presencia d»
otro metal {cadmio, zinc). Los efectos de esta contaminacidn se hacan
visibles a través del reducido crecimiento y deformacidn de plantas,
por sintomas de intoxicacién crfnica en Jos animales y conSecuantemente
seres humanos.

Pueden darse consecuencias indirectas comoarables cuando el aoua del fon-

do estd contaminada debido al considerable asentamiento de capas de ma-
terial drapado.



Agri ¥ horticultura

Mo existen realamentos que dicten la composicidn del suelo destinado
para 1a agri y horticultura.

vivienda, Industria

‘La contaminacidn del aqua de superficie y fondo jurard un ro) especi-
fico, cuande un drea vara denfsito de materia) sea usada para vivienda
g industria., E1 saneamiento del &rea serd de importancia.

Re¢reacidn

Cuando 1a zona es destinada para uso recreativo, 1a naturaleza de la
ubicacidn determinard los efectos a ser esperados. MNo existen 1Tneas
generales de calidad de suelo para zonas de uso recreativo.

General

La poblacidn costera senuird creciendo alrededor del mundo. Conse-
cuentemente la necesidad de espacio nara vivienda y Ta utilizacifn de
regiones costeras commetirdn con dreas para produccidn de alimentos.

En general, la zona costera es en donde &1 despojo de derivados marinos
tendrfa que ser almacenada en tierra.



EFECTOS EN EL MEDIO AMBIENTE POP DBESCARGA EN LARQS 10

Historia -

Ya pue gs dificil en Holanda de encontrar dreas en tierra anrooiadas
para la disposicibn de material, se estd considerando la posibilidad
-de disposicién en laoos (esvecialmente aguellos creados por 1a remo-
sibn de arena, aarenados y arcilla).

Situacidn actual

Los laaps arriba referidos tienen geneﬁi?mente, un gran volumen v no-
drian contribuir considerabiemente con el nroblema de descaroa.

La composicidn y funcicnamiento de vida sobre los lagos, es commarable

a2 aguella en el mar, la sucesidn de nlancton, animales de) fondo, pes-
cados, aves y humanidad. Aqui el nlancton vuede tener un desarrolic
explosivo a travdés de los alimentos, o pueden morir y hundirse, origi-
nando falta de oxigenoc en el aocua. La orovisifn de fosforo activard es-
pecialmente esie nroceso, E1 material dracado puede contener conside-
rabies cantidades de fésforo.

ET aqua en un laao estd generalmente en contacto con el apua en la su-
nerficie, vor 1o que se da 1a distribucidn. De acuerdo con la estruc-
tura del subsuelo, el agua del lano puede encontrarse también en contac-
to con capas porpsas. Enp estos laaos, como 2n este casp, las capas 5in
oxfgeno nueden darse a arandes orofundidades durante condiciones de
tiempe de verano. Asf debido también a la ausencia de Tuz a arandes pro-
fundidades, 1a vida bicléaica en estos lanos, especiaimente la nresencia
de’los animales del fondo, es limitada a pequefias zonas al margen de los
iagos,

Cuando se deposita el material dracado en 1anos, se pueden esperar efec-
tos del aqua de calidad quimica y bactereglfgica, vida hidrobialbgica,
el arva del fondo en la vecindad del lago ¥ la claridad, salinidaa y va-
lor nutritive del lago mismo.

Efectos temnorarios

Los efectos se pueden dar directamente nor la disolucifn de contaminan-
tes en el anua durante el acto de disposicidn. E1 transnorte de agua
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puede causar tambi&n esta contamipacifn directa.
Durante ia disposicitn es princinaimente, el agua pura con sus conta-
minantes absorbidos, 1a que %nfluye en la calidad del aqua del lanc.
Los materiaies pesados posiblemente disueltos podrdn eventualmente
oxidar y hundirse al fonde {en un medio ambiente rico en oxfaena}
Este no es al c&sn con nitrdoeno ¥ cloruro y en un menor alcance, tOs-
faro.

Un gran consumo de oxfoeno del anua serd utilizado por el Gxido qui-
mico de material arcilloso. .

La contaminacidn bactereoldgica es de duracidn limitada, ya que las
-bacterias se atrofian rénidamente. Dependiendo del tamafio del lano,
esto puede caysar mds o menos un serio disturbic o afin 1a destrucecidn
de ja vida bioldaica, en donde el material dragado cubre &1 fondo.

il v T Er mm o o Em m mm mm ko M e o

Los efectos a largo plazo en la calidad del lano y sus alrededores

son dependientes, entre otros, del contenido de oxTosng en e) anua in-
mediata sobre e} fondo., Lla contaminacifn {metales pesados) expulsada
del fondo, puede guedar suspendida all1i donde el agua no contiene oxf-
geno. En el caso de acua.rica en oxigeno, el &xido reducirfel riesqo

de 12 presencia de metales nesados., E) agua contenida denfrn del drea
de material depusitadb serd expulsada por el asentamientd de dicho ma-
terial. Esta anua nuade afluir al Jago y causar una contaminacidn gra-
dual, lo cual nuede reducirse solamente por el posible reaprovisicna-
miento del Taao.

Los cuerpos extrafos se disuelven reneralmente pobremente en el aaua

y nrefieren adherirse a partfculas de material contaminado por petrdleo.
No se puede esnerar una moyilizacidn a aouas abiertas o de fondo, ebide
a esta fuerte estabilidad quimica.

No es posible una sistemdtica revisitn, debido a la considerable va-
riedad de cuernos extrafios ¥ sus residucs.

Lo arriba expuesto demuestra gue la expulsidn de cuerpos extrahos y me-
tales pesados es logrado casi exclusivamente a través de la absorcidn
activa por la cadena de alimentos de la fauna ¥ flora del fondo acudtico.
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Alimentos

Considerando un aran contenido de fﬁsfarn en el material dracada, se
puede esoerar que una cierta cantidad de agu2 estancada en la super-
ficie del material nueda ser atrofiada v guedar asi por un laroo ne-
riodo.

La porosidad det materialt en su fase de inmadurez, es muy Jismtada
(aproximédamente 0,5 - 1,0 mm/dia),

e T T R o T o e

En el casn de que un lago es reilenado con material draznado, se ore-

senta una combinacion de posibles efectos en el cual la capa sunerior
(nor eiemnla sobre el aqua subterrfnea) puede ser considerado como ma-
terial depositado en tierra. : |






EYALUACION &

Examinar si es factible determinar que clase de material puede ser

descargado y en donde, ¢on @) fin de minimizar los efectos negati-
vas en el medio ambiente.

Prevencidn a 1a base

Ho imorta como enfoquemecs las técnicas de disposicibn, la conclu-
sidn serd invariablemente aue la reduccin ¥ terminacién de 1a descar-
ga de contaminantes en la fuente serd la mis efectiva.

Clasificacifén

E) material dracado pusde ser clasificado de diferentes maneras:

por su arigen, por su contaminacidn con metales pesados y oor conta-
minacipn con cuernos extrafos.

La clasificacibn por contaminacifin con clorure ¥y materias orgdnicas,
etc. nuede ser de” importancia selo en casos esvecificos.

4

Es imortante saber como se desarrollard la calidad de material drana-
do. Las autoridades gubernamentales serdn nrimeramente vistas para es-
tabiecer realas adecuadas para la descarca de contaminantes asfi como 1a
observacién de las reaulacicnes per contaminadores en potencia.

Efectos en el madio ambiente
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Cuando se examinan los efectos de estas posibilidades para descarga de
material drapado en el medic ambiente, debemos de considerar 3 crite-
rips importantes:

- Cudl es Ja naturaleza de la distribucidn (difusa o concentrada)
- Nué medidas existen para reducir la emisidn

- C6mo se nuede controlar la disnosicidn del material dracade

Las 2 posibilidades de disposici6n consideradas, pueden resumirse como
sioue:
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Ffactos en el mar

- Disposicitn en el mar: dilucidn considerable y distribucida dijfu-
sa, medidas de control no disnonibles, pocos efectos apreciables,
‘peligro de acumulacibn en Ja cadena alimenticia,

- Disnosicién en altamar: dgual gque o arriba expuesto, pero existe
muy poco pelicro de acumulacidn en la cadenz alimenticia..

Efectos en laqos

Disposicitn en un lage: distribucidn menos difusa, excepto la disper-
sid6n a través del transporte de aqua, por el movimiento del agua en el
lago ¥ a través del aqua subterrinea.

La Jimitacidn de 12 emisibn es parcialmente posible ast como el control
de emisidn.dei’ material ya depositado. Sin embaruo, existe el peligro
de acumulacidn en la cadena alimenticia.

Efectos en tierra

Descaraa en tierra: una distribucién menos difusa que en el mar, es
posible la emisidn al aqua subterrdnea y sunerficie. Existen posibi-
Tidades para limitar y controlar la emisifin en material ya depesitado.
Sin embarao, debido a 1a imnerfeccidn humana existe pelioro de acumula-
cién en 1a cadena alimenticia.



NORMAS Y REGULACIONES £5

La ausencia de ndrmas ¥ reaulaciones pertinentes se pusieron de mani-
fiesto cuando se intentaba investicar la descaroa de materia) dragado
en e] drea de Rotterdam.

Aungue existen acuerdos internacionales, no hay normas especificas

que se ataengan 2l vaciado en el mar.

Entre &stas, s0lo la "Convencidn de Londres”, realizada en Noviembre
1872, que tratd sobre 12 nrevencifin de contaminacién marin2 ccasionada
por la descarga de desperdicios y otros cuerpcs, tiene alaln signifi-
cado para la regién latinocamericana, 1o que fué ratificado oor Arcentina,
Cuba, Chile, México, Repilblica Dominicana, Guatemala, Haiti, Panam&a,
Surinam y los Estados Unidos.

La convencidn trata sobre todos los océanos y mares; prohibe la descar-
qa de algunos cueroos ¥y requiere de permisos especiales para 1a.desca(-
ga de otros. Sin embargo, no Se han dado pautas cuantitativas.
Reciéntemente, en Octubre 5/9 de 19RI, tuvo Jugar la sexta {6ta) reu-
nidn consultiva de las nartes contratantes. Entre otros asuntos, se
-discutid sobre Tos métodos de cuidados esneciales que se deberfan de
aplicar en la descarga de material dragado contaminado. Ellos incluye-
ron et cubrimiento de los luoares de descarca con material limoig, re-
Tleno de yacimientos con el subsecuente cubrimiento, descaraa en barran-
cas marinas en pilones hipersalinos, en regions abioldaicas del océano.
Se ha zcordado remitir esta técnicas de cuidados especiaies, a CEHtras
de estudio de investiogacidn,

Otras convenciones similares como la de Osl1¢ (72) y Paris (74), firma-
das por los nafses de eurona occidental, nrohiben la descaraa de alqu-
nos contaminantes esbecificos y la reduccidén de cantidad de desperdi-
cios contaminados -con otros contaminantes esnecificos.

E1 contenido de metales pesados en el material dranado puede ser sijc
comparado a regulaciones nara fertilizantes. Generalmente, no’existen
normas para reqular la calidad del aqua subterrdnea.



ALTERNATIVAS

f Lo

Alternativas relacignadas a:

Variante cerog

La terminacifn de la descarpa dei ﬁétEriaI dranado y consecuentemente
del dragado mismo {variante cern). En este casc se ha trasado una re-
lacifn entre el no mds funcionamiento del Buerta y la transferencia de
la actividad industrial a otras localidades mrtuarias.

E1 material contaminade Gltimamente no se asentard mds en el drea por-
tuaria pero en el mar, al menos en aquellas dreas en donde el sedimento

es transpartade por los rios en donde 21 ouerto abandonado estuvo situa-
do.
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Reduccifn an volumen de matarial dragado. Se puede 1levar la atencidn
a experimentos y planes intencionados para la modificacién de 1a des-
ca}ga del réoimen del ric v reducir consiauientemente el volumen de ma-
terial a dranarse,
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La remosidn de contaminantes del material dragado. Se nuede considerar
la rempsidn de cuerpos solubres en anua E1 desalinamiento parece ser
un método factible. La salinidad contenida en el material no sclo depen-
de del lugar dracado,- sino también de la calidad del agua de transporte.
La descarga de sal adicional rio arriba, nodrfa ocasionar conflictes con
los atuerdos internacionales, como es el caso de Europa.
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Se ha orobado que es factible usar el material dranado del puerto de
Potterdam para la fabricacidn de ladrille. S&in embargo, la dureza del
Tadrillo no es muy alta debido a2l aran contenido de cuerpos orodnicos.
Mas alin, Ta demanda de arcilla por la industria del ladrillo, &5 pequefia,
con relacidn a la provisifn de material dragado contaminado. Relleno de
dreas también puede ser considerado como una solucién alternativa. Los
problemas mds importantes aquf son el de la limitada capacidad de drenaie
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[séﬁeamientn) del material y la duracidn de tiempo requeride para la
realizacibn,

E1l material dracado nuede ser tambi&n incinerado pero requiere de
energfa extra, apareciendo los contaminantes Tuego de la incineracifn,
en las cenizas o residuos,

Tarbién es posible 1a utilizacidn del material como sustituto de la
arcilla para el levantamiento o acrandamiento de diques.

Alternativas onerativas

- v e Em oEm o Em - el -

Los pozos creados por la remasion de tierra (agrenados, etc.}-puede
ser visto como una alternativa operativa la cual en princioio puede
ser considerada como depSsito de material draqado. Los efectos de
Este en el medio ambiente puede ser interpretado como los Efectos des-~
crites en descarua en tierra o en laaos.






: Iy
CONNCIMIENTO E INFORMACION ADICIONAL RENUERIDD

{Para una propia evaluacidn)

Ademds de Tos dates relacionados directamente al "Area del Problema",
se necesita tener conocimiento e informacidn sobre diversos asuntos

relacionados, 105 cuales pueden ser subdivididos en 3 oprusos principa-
les:

Informacidn bdsica

- Calidad del material dranado fuera del drea portuaria.

- Factores que influyen en la capacidad de transporte de la
contaminacidn, )

- Informacibn de la calidad del aqua subterrdinea y del mar.

- La parte del mar contaminada por la descarga de material
dragado en relacidn a la contaminacidn bronorcionada por
rios y otras fuentes {otros oricenes).

- Caracteristicas bioldgicas del materfal dragado.

(S-S ——

*

'x Normas de calidad nara el agua de mar.
. % Normas de calidad para el suelo de fondo.
X Normas de calidad para el acua subterrdnea.

Ffectos

- Penetracidn en Ta acumulacifn de 1a contaminacidon en 1a cadena ali-
menticia -en un ambiente de aoua fresca, no existe conocimiento de la
relacién entre la dosis y su efecto.

= Acumulacidn de contaminantes en cosechas no dest1nadas para el con-
5 LMo, _

- La influencia en 12 calidad de} aqua fredtica, por la descaroa en
tierra, debe de ser identificada mas precisamente,
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ENUIPO DE DRARANG PARA REMOSION DE SEDIMENTD CONTAMINADO

Podemos distincuir:

1.- Contaminacidn en el fondo,
2.- Contaminacifn en suspenso en 12 columa de anua,
3.- Contaminacidn en la superficie.

1.- Para remover sedimento contaminado del fondo con turbidez y derra-
.mamiento minimo, las dragas mis adecuadas serfan:

transoerte hidrdulico draaga de succidn tipo "Dustpan"
transporte neumdtico *Air 1ift" - Pneuma, Qozer
transnorte mecidnico Cuchardn de quijada imnermeable

Huelga decir que la severidad de contaminacidn, el volumen y la
localidad de) sedimento contaminado a ser removido, tendrd una
aran influencia en la seleccidn del equipo.’
- Una draoa de rosario narece ser entonces una alternativa mds ra-
zonable nye una draca cortadora. |

2,~ Hasta el momento.no se ha identificado un eouipo esnecifico de
dranado, ni equing auxiliar, nara la remosidn de material poluto
en sSuUsSDEnsy,

.- En Holanda (IHC-Cosmos}, ha desarrellado un equipo auxiliar tino
"espumadera®, oara la remosidn de polucidn en la supErficié del
agua {como: derramamiento de petréleo), el cual puede ser aconla-
do a un2 draca de succidn nor arrastre especialmente disefiada,
la que es ytilizada en un contrato de dragado de mantenimiento de
cinco afios, en el canal de acceso del nuertc de Rotterdam.
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EPILAGO

Lz industria del draznade antes de ser identificada como un deqradante
de! ambiente natural y de 1a calidad del anua nor causar turbidez,

se estd ocunando actualmente de ta limnieza del medio ambiente y se
espera aue en el futuro juece un imnortante y creciente rol.

Ing. J.P.C. van den Kieboom
Febrero 1982
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cogetal prowecrign sed rezlagacion works pariaculaghy in the Dordrechr ares.

Be. van Yerm LB hit book "The Arc of & Tarian™ (1% urirzes: “The parlivir written ra-
copdn about the Frivians fop Casstal Pureh) deacrihe then as veter—=4n ard tud-sgrwern.
Tha Xoceoe found im the Barph of the counrry thae aecifjicind hiliocus uran which zhe
Irnabicares, slready enlled "Frisii', oonde o Fivirg. ¥e shall follew thelr hiscary,
breausn SERiCEen epcordn are gvailable thout the =arly reclaodacion sworke they O1da.

Oy and cha warmr race, mov called the ueeh, ook, held axd oade gha low eduntry,

Tliny, vhe knw thess mound=dvelling teibes in Lhe year &7 A0, deacrited thaa wp
pocr people. ke apparently exagperated when he oroTe chyt tha7 sagd ca caibie at ali.
OF did he #2e pame SaCh=eXpaped CoumdE PMeas che culep arares woete cha $ed P2l o=
lowad wvery Big of oarshlasd? At seor=tide, FViny naid, the Frivjacs rerrsbled griues
af glsvrabie shipaTochad nailory, saracagd on rhe top of Eheir self——pde Eoundg in L34
widsr af » wadie of vatef, Lt vas fcpossgkle Lo BAY vhether R4 counery baloaged o
Ehg Jani of %o the mad. "They err co varn chear (eagen pavels BY Eycning cud | dug
wirh their hardp out af che gafth and dried co poae gacent o tRE vipd oere then io-
the sun, which afe hardly ever s2en’

Ko doubt 1he Bud FLLGY celers to was thy pesr vhich was Found o zke'walde’, 0 avaspd,
tome dlutsces pouth 81 the glay oarshes, whaee the arcpificial =ouzds kad bern gode,”

“In sll thew kboils 1140 ¢f chese mounds {n the corchegatern part of et Techerincds,
WA area ¥! & Bere 80 3 LI miles. Furbher Tast tkefe ere more ©f tiga e L3Sk Delee=
land., Tha afsgi ol Lhx ooupnds thestelves wary fzca § o 40 acvet;  Ehey CLow g5cec
Cimae L4 & height of )0 Zerr above normal sax Level. The conteats wf o sivtle oowrd
wiy br gp L# & million cubic yards.™ )

“frey Swilt theit rounds on the shores of the crerhy o vinich the tld! Ard god [laws
ad. In chalf sgows gh“r veme Cim thelr Language in which cChe roary of 3o Cany :rtluh
vords £an bd leyrd)t  "ufh mithe ehbe, wp citha Flaeg' - oot witm the eh3, oF izh £36
Flaod. The tida bare chas rowards the pest reglacs, or perPaps tg poe wordy aciil
Eariher inland gad chem Bfgughc bhea back, Of rhey wene aut wila cia sch io thy =ara=
bag cavatdy the gra, vhets chey gachered cheif fomd, mmd recuraed §o oche srehing wakd
the Frcooing tl.d-. ’

"1he Lasstal Puycch hove Mv Lived T4 cepturizs i Eheir narshes axd of rhese the firne
I v §1 wve gmant An perfl, Ir wss -ar wembil TR ay 1300 vhae aomp rracafab]s
werprity from {loodise wir pehieved. During chess Jong Creachefsus cactuZien tha
archficisl coupds made thelr gurvival possible.”

"It vad & worfh which mipght ba conpared with che bullding of the prrazids. The pirazid
af Cheops has a content af 3 500,000 cuvic vards, chac of Chepkrep 3,000,000 amd hui
wl Mycenlon 560,007 cubic warda, The sceunt af clay gagried inia che counds of the
ROTLhuad E#FN pars al Che kytherlacdy coa be sftizaced at 168,560,000 ¢ubic yards.

In 1gypT it vyg a preat ad very pourtful natioa which %yllz the prrizids theoust
& weries ef wynrsting, The aiw was b0 gloelfy the Fharaohs. hich ap Q1 w10 & &
irg pesple, ver: small e pumter and ofpan decicace], paciently Lulcing their racm
abova the itn"" of cha nep, creating largs comatdncs, net ko l:uu. tat im pacize
ciny.”

*1n this Lex Trialomss of AOI thg;i 11 mot ]rl: any penclon of dteawalls, Bare the fipa:
ptrenptr at dibe vuiiding poar Tave Gven cade shorely siterwards, Frisisn ma=asecbDIT
piill wetant, daticg Tren ¢hp rarly Hiddle Agws, deal chiefly wich che Iollovieg t@-ee
peingai Firfee, the ritht of che peopla co freedoo, all of chen, “the bere eed et - o=
%ern'. Secondly, the 'wild Gorneccn’ wloss imvasions tepk place toughly frea §00 to
1000, and Chipdly: the Zaghurgh ar Seawall.
Thin novel Neang of dafance sgalnet thy sas by mrans of & coatioous clay will way

called » Bucgh, or efrorghald. The prople were lrgirﬂ':ll! very groud of tais saataTgk,
Secauss they described it Ln pleal jangusge &4 'tha Colden l“p « the Gﬂldlﬂ Ll
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="Thim Jn adwo whe Righe of the Lamd 10 pake and maincmin & Golden Baop Lhat Tiew #1:
stanrd pur gcountry whers the mslt nes avellns Foih by day ard By night'.™ (Flate L, .
Eig. 1), k

Tha apsde, the Pand berrov and Lhe otk were rhe intrruments weed for ¢iklnz, the [ork
prapwcably For ohe praan totly which wefe wied tn hriphten the dxkéa and Cabke L*r;
styoppsr. Despite the treoenfows efforts Lhe tca wan the srronpent. “Thin wag dus
patily te our impufficifnt techmical shill amd Fartly Eo Leck ol co=operaticon. Fer a
simgle mipghe, Dec. Léth 1287, the olficiala ar! pricsed reticmted that 530,000 meaple
ked been drovhed In the coasesl distrier brtween Mavoron and tho Lza. This iv 2
barege rumber connddering that this wan the seva vhers 19 many duelling l-nu!:ﬂl coyld

e wevd 2 placen of refugs.”

Akt ddvinced ond juccdvsry have bren tied to o [rw nemes.  Sovn van Yeen:

"¥r pfcen vordered cho van the wester Engineer wiw created the matvrblogy Crea: hablard
Foelder, pouth of Pardrecke, tre watk whirkh Yad inleded the doweicp off of the ¢l2ui
woulh of thr Fiver Mpaa, wnd Lha leading of tFac river inga rha Rhiné, This proved

te by Killian 1. HKe had already Fialvhed that ricsntic vrdertokling by 1213, Thr

spalder wan deprTored in I&7] by the $t, Elivabeth’s flood, denerlbed in o fotour

T ehapter.

Villias was a ran of great concepriont. He sduftoynced the entife acee -f
Ralland-Froger wich scrang diked and wade suweral canale dntended to 2rain the waet
wesre.  Thay ales served a5 0 splerdid necwark of shipping canale,  Ir [p Liesly 1Rt
hx made cha Jdives arcund the Zeelond luJanda UWalcheren and Echouven toe, and that ha
wrtadl inehed ehe atlLll=eaistirg sdeinincracions lor the upleep of thern 1#lamde. 7o,
wiher port of hin clever and avaring reclawatinn and consiruction proprasis canneot ba.
duvpribed hera, byt B [n wery clesr that ha Epew tha geography of his county By heart.
B mipa an prt wmiated IV .

. LA
The warliaae raference 1o the avt of acealerating tha natural rate af acziretlon L1 the
Berwdsripl "Traetewt wvan Dijebagie™ {Trescine on_Dikebolldien), velroen by chy Duteh
dybemaetar ATRIES VILELIKGH, betveen L5028 ard 1379, VIFERLINGH dincysnes tha cor-
witwrtion of "crass-dans™ on mud=fla0n which are nat yot dry ot law water. in this
tonnestjon he slno sdvises thak old ships should by funl snd dacth dumped on the )
of thre . bo a0 to wabe artificlal felands ar Flaze which sheuld hold beck cha aile 424

aBibd b dprrded §m Lhe vater, - Thess it1lawds shauld subsequenzly be coanezied wich lew

Alehowph Ehin meihod kot ro1 hedn wied cocomly it 4 khown Chet shipsT=cira
Bava beap whdd 20 bumecous places bta clone dyia breachen. Thens sTechkn formas ths
baala for tha FEIL waterisl whirh wae socured with eatd ar broshwoad, VILRLISHE,
htwerer, wid moch bpdinet claving o2 dyka breachas vith ahipvrechs aue to the ron-
Mpmagenley Lhey efneted In the dybe 3CTucture. Nheverthelcns, thiv netkod war widaly
wiwd over 4 Tong pericd of tiza, not ooly ia Halland byt 3n che (et chas tles Dawmish}
ETE U TR T Y § IO

“wiarlingh was foumd & ba & real rascer af che dibes and waCers, &4 can of grest
ahilley ard wpitit = one of 1he greatest of hin Wird. Luchily tha greatarc pact of Xin
mandicrlpt has servived. 2w #enclent piccorasdur divls 0 4 Jor te wfy hvdragliz
wnglaaar. Thiit cecerhablie bosh alresdy shows the apecial vorabulury of gha Dateh din-
ing pawply Inm all ice prevanu-day rlehaess, o eomt wups it de wwen riehee,

Hin advice Ly simple snd sound, Thy leadine thoupht iz . .
Wptat wlid not Be compelled by ary "foreee’ [focze), &7 5 will Fetorm chag [ofim snrep
yau.

This (3 ehi priveiple af stevamlines, Suddws changid |0 tuivay or crowe=vecliions =unk
ba aveldred. e 00 ewa Tow of action ard Teaction. And truly, thls fundemencad lav o
ﬁ{i"!l!tl bl b thovoughly avaorbed by awy ona whe wanty Lo ba 8 mavtar of rilal
tlvern,

L]

The warh Wy the drbhmmpucrers and Tarmers s pragoct ard Co godin land hae been craava-
abla,. Filate |, Figa, ¥ ard 1 (10) gpive sn i=pcension af hav dyken wwre il up
aradwa b1y by adding one Layee af silt, wr sift ard wand, shell, willov cateresnen sié.
on Lha tap o0 #ach wihar. EKecding of @18 shipe, brack walle an pile walla wvaes =g
« Ko leee Uhaw two-thivds el ¢he Jower part of tha Sstherlends Ly carmadse, »iiin
1hkq wibar }“M In Jusi "nsturel™ ava warsk o moarish wwpnp.  Bince a3owtr Lew yraz
J100 1ha Il . g Avaan 1 (11 AecaThry Th vam Yawwi . =

COASTAL ENGINEERING -

On rha sua shayay e E e E R AR,
By pumplog laksed dry ..... PR R
}r purping the Iuiderses docy ...,

40,00 acrew
FLL IR
Crrreven 330050 %
In 811 T35, 007 acres
With reapect Lo the 2leccitucion of EQLL the 100, CO0,000 cuble yards of earth FELL
which thy Duteh in the anrly centuries carrivd o thelr ertificisl 24110 vere cade
only in » arell arra, covering voughty A7 of the zountry. Van Yeen wriretd )
“Tha sen walle ot diken vera sur scrend wnrk.  Ia 1MAS. that da just betfore Lhe advest
of steam dredging, we had about §750 mlles of them, contkining about 200,067,000 rubie
yarda of tacerisl, Marcovar, thery wrre nany old deserted dides, whois contencs —ay
b avtlimated ot 50,000,000 cubic yards. lhasw 350,000,000 cubic yards wegs practical—
ly all tranuporied by hardbarrows, whral=barrows and horse=dcawn carce. '

The thitd grest work win the dlaning of tha dicchor and corali. Is the lover hall of
tha country about 800,000, UG cubls vardy of rarth have been rezoved, ia avder L2
droln the lond and wepazate the fields, OF shipping cunals there are phogt LAQAD ={1¢1
in unlland, for which & figure of 00,009,000 eubiz yards would b & Cair escinace.

XX SR L]

(parely futura)

The fourch and ;E-Ttant tank wan the dlgging of p..l. This digpirg served 4 doudla
purposel  the previdlen of fue!l amd the creatlon ol lakes which, when draired, pasp
wors Fuzeile lunt then tha origlnal neora therunivas, T

Ia toral wo heve dup secocding to thin rough sestisats the enoroouy volume al secw
10,000,000,000 cuble yards. Thin includes the making of lakes o vell me the dizgirg
of moars in the hlgher wanrern taglons o! tha Netherlands, T

Compare this flaure with tha deedglng of the Susz Camal. ¥r constructed ataut 1GG
Sury Corale o the plws oade by Da Lecdaps. ALl [hit wes dona ¥ hand, vherean Do
Leawrpa unwd 40 stasm dredges,” =

But the wark would mavar bave beem conplutvd without the dyfesanters, their fore=en

and “poldertays’) who oiten wera tha farzers themaaives, Fige. & and 3 (Flatr 1} shaw
thea repairing dybes mnd bullding willow mattresnas far batles protecrion, an ald: bur
atill sechve wre. ' i o

A spredal wied of dykebulld[ng was the werd=dyknn. Conarrueclon van linfited ro wRiE-
Friwsland and the Juidereea-aces, whery vej-weed ar Ara-gTass wis fornd im ample
quantitlen alang che cod3r. Thr Wane=Feinlan aca dyka vare for o leng rine reinfarsel
with seavaed, ard g0 vars seme of the Viaringen dykss, It [s nor krown with cerzaicer
how old the vesdsdyhes arw, bt wend dybed vere conntrucced ' [ton Ehe Bth ciftury, & ’
Toth-17eh=centlury verd dyke wan bullt 8t che marchernzast poiet of che Island of
fchokland, and anather waq fn 175 1n the Earcharn part of Hoard=pallacd. Ley-Lfang
Tar dyiw Ywilding wis collecvad oflobore in tha fujGerzes amd ché maddes arrs, Foilow
ing deying, a broad, towgh layar was placed on thr san side of che diks,

by aebicleon graw, dykes slee grov. Maving ches sclll clazer 19 the dangers i ecg=g
mecansary to relnfovce Lhe dymwn by hard aurfacas libe bazaly Blathe andfor ather
srrvcture s porallel o4 wall 50 perpendstulor to Flors. ThRese Tainlorcing or asssgrz-
log seructured devaloped & waperience and eaposury Increnped, Tk gradual eeieisrca=
wrnl by wiructuces Titw seavalle and groynen way hive eddr a contritygles t3 2 rat
Fully Justified semsd of woauricy. It has been ¢laloed chair dyees vere nar rained
leldlr wnough strep with the vipalny of Lhe land and cha riae of sex level ard prac
dyars wwfd not subjecied te thoraugh lavedbigation of their sbructural soundaeds,

On Yabruary J-bth, 1943, & spring tlde whipped wp br 2 vaging pale avervielzed the pxa
defancii, wed Bade treoandous breaches ba the dykes (PFlacr 2, Fig: &% snd cour af tia
Latands im the dputh-wrnt wire Inundated. 1850 peaple loat their Jives., ALl the
avalloble cateriad and canpovar wan ooblilaed and within o year 411 the gapr i thy
dyien had baen cloted wnd ghe Tloeded arvas omce sre faclalined, (Flace 7, Fig. 73,
Om boveaber Stk 1937, the “Delta Bill™ wes panard, containing plans for cierlig eha
vidal anblracees Ln cha souch—vaat (Plotw 2, Fig. B). “hen chig FEnirchk has beem c::;;
Irted Lha Dureh eoant will hava deen shortumad by 700 hileceters. Thy Dalia prajecc
povides for the clorure by weans of s1vaive dems af four broad, desp 1ed ialecs, vix.
Vhe Baringviier (I194), Casrne Cat {1945}, che Brouvae shavwnsa Sat {1972) ond the
Lsstara Schelde (A978Y amad for uht Weildleng of sacasmlaty dams in the Zusdiresh, tra -
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Cravelingen 4pd the Volierak, The Ratterdus Yntecwdy aed the Meniera Seheldy will be
Ielt spen, sfmee vhey provide acceze to Lhe puris of Rolterdam and Anpuerp rearaibives
Ly, Thit weguencs wit chasen alter duw contideration, nince the rremaiclen feiz amall
te largs wed wems eonblen txpericece rained b2 be proflrably used bn the Taecer pros
Jente. Apgther reawon dn the desire tntgchirve 2 higher dezrre of tafety fer rhe
largast pornfble srea Ln Lhe shoriese possible time, This = the world’s larredt ensice
al proteiiien praject = be thotoushly described in 4 mumber of publicaliors srd v the
Duteh peripdlcal “Trloaverken™ published by the "Delts dienst™. The sritys ot chin
profect an whie tlee tuly 1988) §9 thag che Verrse Gt and the Raringrilet hyer beun
elonnd dfeaedlng Lo schedile:  Tio neckions of the Ireusershavense Lot werd elcied in
tha sprirg of 1971, ard ene sork will be completed By 1970, The roulhern gap van
elone? by pelrrep, Uzaserece blorhd dunped Dreo cabbe cova}l, the merihern ons 5r Toand
of 1% ddieazes, The glmgne vl e ladL gAr peant that ridal currests inrelvicy tha
awvirnnl of D17 oabters cubic rotres of water into and owt ef thr inlat {rach Ltuw-
wond Callerp abowt & haurs] tesusd Lo fiow, There =roairs che das chich Hi!! cicar off
Eha Lanirrm Seholdr. This will ke abour @ kilowscres Tomg and » BEL slap tidal cufrenca
Iwealebr g ghe pavezint wf L, 100 oillian cutic mettes of varer into sl cur of cha L=
Lot every tualws Fears, The comstractizn of 3 artificial falandt vay ce—ted 12
Walld Ahe dent the fErnt wan gepleted in 1%, thr secort in L¥70 and tha thiee In
I¥7L, Ihly #aa, the lasg and largpeat to br covsrrmeted (it D430y wp channels s detp
ad X wrtaand, or vapreced bt be completsd by 1975, ]

The tarrtyyptlon 0 twe Large elulers prezented erorsous problem vhich vere walved,
Fratecilve af the buttoo wea abtained by plecement of Large "imwstobkenS urhelilng &
1,000 year ald erpdition. AlLhough tany 1ool and conviruciion practices hawy elargrd,
willow evpeseanes (Floce 7, Fig. %) are nbill dn wer but chey ray In sges caner hava
Worn vepluced by rarcrvsanr of wsphaly e synehetic sheets {Flage 7, Flg. 10} Tha
whit 8f thr Deltsmtejret ¥y [978 41 estimated 10 be approxirately 3,330 aillilon
pvibldars {8 4.0 Fillaer!. Lt Ly am enpentive project but 1L ¢NIuFRR'ATRALAT BAINCY
For the wigizr drutr-wral ol che Ercherlacds, reduced the cout of dykre oalnisnicer dus
18 the cosstbire’s sbarcecarg by mearly 760 b, openn wp w xhelw sreles of lslards,
redwcen alicing, affers fang traffic Dinks scross the dena, #rd Impraves control of
Wb ulply of dresh vatet in altasy the whole of Kolland, In addltion ir providas new
raerenticeat pesslpilivier For Lhe vast populacion o the southwsdt Grban sreav and
the provislen o! anlgwe agaagic spoercn sreen. .

The developrenl of Putcr sroire. = & [ev Tezarks should be wada apecifically on the
Panch [reinn, Lir [izst groint were probably buile sx che beginnlng of the Jith cen=-
Tuty, but grofn=1ike BPiructores cay have bren buile nueh rarliiek, ¥ da ooc uees sa-
#Ct)T how they loobed Byt the histary of -develaprent durkre Lhe Tatert 107 to 115
years §v ingwn {Plute 3, Tig, 113 and Tepreacnes w continuoun line of develorsaae of
§ sirasalirsd wtwuctord waporing itowll my 1itrde an ponsibie o "the Toroaa” 31 gur-
FAREE 2rd wuved, AIT'rugh pToEmY hewe provn §n o pire the principles are the pazed
Btens phighbrr ¢n fravs |l #n caverass in the middle end stones on sarirestan £ LR
mdiden wiLh €x3 ¢y ot pila valle ae sopporta {11).

Taday's Targth 44 wiually spproalzately J00 wetern snd pace BEEvVern Lhes Ls »f Lha
sany wrder ga deazribed o more derail in o Later secriom.. OUfvhors elavaiiond sfe
avaut H.5. 1., Ocesvionally groiny ace provided with plger Packs 1Flace 3, Flg. 11}

e bresd yhy lenpshoty currenty, Anslvaps by Rakhwr aod Joustra [T) haws dramsciet-
#d tha avlilcy ot tha Dutch groin protretion vhich has nas ondy degcrezend or +rappid
stenben i crrralm apren bul Rap even capsed accretion. The ceavon =upr broafzihc s
thn Tact phat (ti€a)) currants cemblired with swvell seidon provided che skarre uith
eetarlal fres wifshare wo thay cka groins did rot sulffer starvacion an often 49 in
waroally the gppa. WYhila the situstion ac oeny ocher places whers grelna kevs taen
Bulit ba ehat risslan conlimear wetiise rhe extrens ends #f the groins thiv, graecally
speakleg, dmen nor srem 14 be the case slong the Dutch ocran shardd. X By ke 3ald
TRt malyrs (140l oode & deewnaprarion of “avrificial mourishment™ |n ll'ﬂlill'i- Tha
grabnd, Bawrver, ar¢ Bab cACAPT 3tone im the protecriom of Wollsml. Tain bas slwaye
B UM dphee. Tub fererpaeti vho canw grk o sav tha remwlie el the Dutch gralae vana-
Llowr mleinterpraind the walvaticn viry seriously. The sastive Danleh Serik s greira,
Flg.81, v&4ch praavstly b~creasrd in Yemgth to srvefal benedred metces At one 1hyhorpn
Berrisnd due va conclmrd siwer cecronion, in Just won wf thasd mivintarprecaiions by

[
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whith anormous quantitisn of mngeriale wees snctifled becpuss of sorlier, inqutficienc-
umfeTatandieg 0! the mechamiér (nvoglved, Oce cay asks Cauld tkey Vavw dore angthirg
#luel The ansrer apparently 19 thae iF wauld have boen diffleult in the past but it

it much rasier today ~ for which reasen it thould' be dore. Mininterpretatiorantse
[oyod rheir way co che Sev werld, with the groone st ¥Mooui Beach (Flate 2, Figa 5%
being ene of the mosc stactting examples 20 haw groiny aleer sre irddequate 42 (aaisal
Fretection, ©n tha cther hard it pay be (air o day thar che Lang lelaed Aelancic
shore graing are examplex af efforen by groins Lo live up ta Lha Dutch cnazple. Arnd
€hire ava seversl other ewaoples whers conditiong were lavarshla {Fietr &, Tipn.41,:73.

"Tha Arr af a1 Kavion® becace an expart areleie.  The Durch also garried out cany d7uw
and dralnagy projects in France. Acsarding Eo vam Veen [1) the “Hollandriet™ vets

w3t gbyndunt ln Cermany, Poland and Fuasslha.  Along the Molokechaa thare vere &8 Eusch
*E1lages in 1006; the discrice Crercitazs had ac that cize 3% wuch willages. In

Foland (here were abour 2,000 villapes lnkadiced by tha descendants of Lha Juich b~
grunfu; in Fosen cherer were B30 xillages., The firsy sreat Camal in ohe Loiced Scazen,
the Iria Camal, was Finucced In 3712 vy che Durch and ice logks were devined by Duich ,
spgidercs, Untll 17598 tha United States of Amavice had.ao srher {radicar. thas Pollacd.

IIGLD

1n Ergland cassral pratechlion alto bay & Lang Miatory Becsuna of the comtinuauy szoniog
of sfragegic #rras on the South fotet, §n Lircoleskite, Souwth Torithics azd in cauy
struadrien. there i already clear evidence of rrclamstion wores by corstruclisn of
“walls™ (dyier) in the Ducgenecn mren during Che Boeen occupation, the, Rhea «all brizg
the brar hpovn wnample, Viptoricnl swidencs gives & coAadiaieng ploeura of ke wncurc-
wlon of the sea along ehe Lincolnthice coasc, by refecrencen fo loss of Land end danaje
% "ien banka™, which had bren & neceveacy eefance sbires che 11eh century. In 1335,
accotding to Ttecords, the waves Breached Lbr $rd bamks aL Hablechorse acd che land wan
facded. Ky 1530 che sea-vall again needed repair. Ercolon contioued sod the kistory
f thip ares is oo tough [ight spaimet the are, -

Ar in Boltand, the Firsc measurer againidt ezosfon wrre “wvea banks™, the desige beley
eedified to yerew ap 3va walle sccording to the lecsl siruation. Soca wate just earch
dams, athern were Fancine of pilewallns £7). later, vertical Bulkheads were developsd
{Flsta 1, Fig. 13). ©Oo the English shingle beschid sbravien prerentsd & bevate prob-
Léw and callnd For the application of Iline, batalt, or oshar sustoble moeeciale
{backed by conerete) ro cesisc abraelon (Plate ), Flgn, 14 2 apd B3 The block walls
at Fret Level (Dungeneas} (Plate &, Fig. 130 and Walland {Platr &, Fig. 1}, arw gcan=
Lioned lster sn-enaoples of oodern sloping walle providirg Flewikillty rathes than
fl!{ﬂ{t_'r and Tnw roaflprtinm nf vave =nrre¥ therahy kaire mare rﬁniidﬂ.‘_.l_'l.r_ m ther heash
in Irane than vertical or slightly curved aeruccures {113,

H

Grokng vere used a5 un addirional proftactive measure. They warw put Into coe in eariy
timan, probably st 2 resule af chaervations of cha offece of hard points protruding
from the shore. This van 1ikely ta have been the cane 2t Hornsra, 3outh Terushlre (3]
vheet durlng an inquisitian held in 160% concernirg haavy losras by re0sien §C van
4twted that "there wis & prere wi TParnaed Beach, durling cha congbpuances vhereol ke
decay wvaw very littla™. 1o 1664 six proing wiare bullc on tha haavily eroding Spuen
Iead, Scurh Yorkahire, at che encrance Lo the River bmber, whera nature's [arcen vers
duditred Wy pon's Temoval of shirglt fvon the beath. Tra geaine were of ke Kiry Pile
LIPF vilh horisontsl boards which could 2a s2queted ainilar to tha Ritkernies Groyees
#rketed Im the 13202 {FIste 3, Fig. I13). They ware strocitd ot CAs dovn-drilc sida
to cfsing the pressurs of Lhe sgowmalating beach on the wpdeift slde.  Sheat pile
BTOLRA: were alea LesCed, bat Che teduwlt wae Laas nazinlsctosry tham cha cesultn with
bing Flle graine. The foraoer were toe vigid and Iscied any mrans of ad jusimane .

Sobe snthusiam sremy to have repulted Lrom the seauly of grain consrruccion works of
Timitwd lengrh along the abors ot cbaervacions about §11 riirctn in tha Jam of Sownr
drife sranion vere ales wode. In & disemtsion nt #n article by ¥r. I, Purray om “Sus=-
devlapd Dochn™ printed in the FProc, of Imst.Civ.Iagre. 1R2%, Pr, Lennis and Hr. Ealaer
Tefecing to a ceport of 1837 sdmit “that groiny wore, weder cdvinio 2lrewrananees tha
et dafence for & cosnt, Jor vhersver the vaves Yrayghe the assed swd thingle im goac-
eitlen, the neavacd sida Tilled wp whila on the Ler afde g wan pesarally scovprd w2,
Wt by & Judiclows distriburion of thems grelas, wch on sccusvlation of sacarisl mlght
. e
1
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duite and parnly 1o the abdes by dnbaianes Ln Longihore deifr or

« £L

. ' |“|"lnn[- I3 anveranl drife ongubare drife

aT = With selerance (o long rongs devclapaent traneverpal drlie bnocauird br
amfonivifes] Jowea Vawwt rine (dierepacdiop saml drlit by wimd which in soms cades may
kv ul remplderable [-portames),

fan Lewwd -;l,;. (refa. L9 and 30Y e3y aourd dnnpeeny, bt rralleing how narrov thd beash
Le gorparsd Lo the oflshory avea which |4 en he pavtished by efpaion of tha brach (n

‘erder 18 halanck the rise 8f wea Jevel vith 3n squal smtunt of depatiin of BiCrrial on

S lemd WatPaw Arwad.

the solice (Flatw &, Fip. T& and red. 13), I1 cam br understerd hov an Averacs rise of
Juat 3F% §mopre yrar may tduse ibareline Tervpijone ranging frem 3 1o 3 ft alang (1w
tasraes Seaboard of the United Sracen. A prnecat “rule of thumy™ §n that the dhares
Yime recesen | [t lor oeery nililmeter svhich the sea Jevel risce, Thrre {0, NEZdlens
te pay, a4 prane lag berreen slar ard tuevadiam (L%}, &n inpressien of the resf teconk
wra Trral plasp ahong the U 5, gasterm seaboard riy we obbained [ron cha folloxlag
flgwess by dhe U.5. Uept, of Commerces Maclonal Qeasnic snd Aemospheric adrinlatrsclont

Aeg, rlre 1920-1710

Teuipert, Halnae 1130-8% 31 ) I.‘I'.'Frl ,
Fartpmouth, EHev Hawpahire Lyir~ra R
Foods Helr, Mavtachyebqen 1411=10 ¥ 17] :
Aaepore, Ehade Lelasd 7 L3 -1¢ O -
v Lordan, Connrccigug 1919=-14 121 .
Kew Thrk, Frw Yotk 1291=-70 187 -
Tatdy Book, New Jursey 191}-10 57 .
Balbinpie, Haryliand *  '1993-10 A5 -
Weshirgton, B.E. 19)1-1¢ . L2l . '
Yortgmputh, viepinis 1934~T0 o LY .
Chac)anton, South Carellna 1922~ Bl .
Fert Pulashli, Crargia L9IE-T0 198 . e
Mivpart, Florida M2%=710 Ay . .
Hisml Beach, Fletidn i IR 1 3 F F 1 TN | | aie m—
Tertacnls, Flaridas - _ - -1¥1E=10 I
Lugups 1., Loviiam 110 903 :

- Ealvrton, Teaan 1939 =13 =420

It S #Wvlour that che only way in whieh thla srovlen can dr counteracted ba by arclil+
thel nouriubeent ropiacing the parerial #roded by nther watrtla} whether Teen lamd or
From eifahare sourcrs, the Labier Lecoming eore wrd vore popular dur ts thortags ol

the intepraied tesnnversal iranepert ol oeeprcial including szssen-
ol amd long rangr soweneAts id wdually ouch Targer chen the longabore, I_-E_li-rr plan-
wing Lerded to put LRhe maip onphosin on lomGanore LFREPATE dpd DRagUres L.a® f1aink,
Masivatyry and aes wplle Lurpely concespraced on o “diliccent diptribution’” of “rq-
dinteibution” of the watatigl available =-bap on pveragey Lheve wan slvays o not Laan.
Partly dus ¢ Tace of recopnition al that Tagr amd partly due to lach of prazer sauspe
BERD 8 handle the “transcarpal provben” efdgorivalp it wad ner uncil the Tant tan di-
ednn Thig Lt vas raatiesd that whelraiely the only way in vhich crovian Tuy LU LT
§u by aceifleial rourlehrens raplecing the marerisl croded by ocher aaterlal. Img arly
placey vhera this penecul fule =ay by dlarenarded ia whers nalure iufll providen ene
aouTidloant, i1 wan the “New Varid" sbich am porrly coanual pratective (YRRY ) Carried
whi Inltipplws and 4t wan thare that #0feres cansenicnted on the main and LRIES prabica
of brilnglrg rnterlal bach tp shors te teplaca the quantily which was lase by “iubcarg-
ing of thn prafile™.

i "= te [9 generaliy sgcepted #nd Jyacifled by & grest mauber of Labarscary
__'.EIM and ll:u ehaarvatlane [hat the langabors tramipors of sacecial 1) has

as sleeng liment valstlenghly to che lomgobarn dnput of wors gaecyy L] =11
dL " 1
. L i '
whan & Iy o furisr vhich Jepande wiwn makerlal avd prafile ehipscterionicn. Cnly varn
Ynddwrod "gyrrants ara Jrswmed ta B¢ preecaly Thls in fure seens chat tha locgibzre
Aramapety dapendd wpts tha curvatury af dhe glaraline, I mEtars LRiE cuTvatery i1 w
N .
*
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function of matural :nlril:;l and ronstal marplalogleal rondicions like Cha exinrencs
pf hrediamta, bedrochk amd pivear oublets (Table 7). This wmar updnt the Walance sguarism
ir thag e . -
e L | A .
. T = 1
In zaty af % seew=ulacion will sasule
lo eukw of o5 aronion vill reault

Mature d':ldl-il‘.liil'.ll beth cases #uf+ By SPArifc sccumulotion and dgwndeift arapion 4t
hoad land .

Table 1. Caveaa of Eropinn by Katurs and by Hanm r
LFaturs ’ ran :

Riowr of Baa Laval pany, dykwy ard Ather cadscol strwcgures

cagaing rise and copcemtracions of pidaw
"

Frotrudlng hesdlande, reafw and Groine, bredhwatery, jabtles ere. cqus—
Toeky cauning downdrifc axanlon 1irg dowvmac il ardalan .

Tidal #creancan and clvers causlng

Yan-cade antrancey causing inteccufrion
ILntarrcprion af Litgoral drkie

of Liceocab drilfc N

Filln proatruding gn the acedn [0 such am
atant that they change Llocel shocdlics
grocetry redically

Shoraline groantcy cauning copld
Inzraarn of deile quanticy B

Vioeking of elvar sutlatn carrying
Fpdimantd o the share by [lood

brapk barciars, clinge of lacation
of cutlets dus ta [lopds, *rosian,
teztonle oaremenCs agc. .

Daraing up of rhvery wighout prowldipy
patacial sluleen

Ireigacian projeccy decreaning Elow &f

catar and sedinengy co the ahare

Recaval af caterldl fros bedchen Zor gaos f
atrugtion and acher purpored

LWhat dezerucelon «ffece natare Lo Lto sbundancs han demonstrared wan unforcucataly “as

ieitated, lan=rada stodlon 33 & bleck opoc pm ran't stnacispion with thared. ¢ in &
deplorubles fack that all coantal preteiCiva cassures apert from afcificial magrisnheeng
imay] have an adverse alfaec on adjoining sharss, An edmapla in previded bY o graiep
of prolns bulble Lo che J0*{ay o0 che Danlam Socth Sex Condt wnleh caused sevess Lez=
wlda ergulon, wp to 20 Lt recennlan par ¥ear (alcuscion corpectnd &r & TaEer gaial.
VA Ty maidinenid wnl S¥P plrzr zupale 2 qediranacy, {ANe harbor Bredkasferg azd
I.'nﬂ'iilt!u. charnels oftapg becime almont compiale liciosal Sacciers cauning ddvars
aresion, - '

Ta avaluatw Che acaclon guantitaclealy, recards of wrovlon of prafilen are racfed.

Tuch Inforcacion oay be availabin for acess of Lioboed nica byt oniy & fav eogreries
meve hapr conapinmuous recards af araan of larger sita rhroulh & lang prrizd af zieg,

Thls lnciudes the low countries in Batope #.p. pacts of Darsard, England, Frases, Cor—
many and Pgllani. Moacly anly shorelisr caves ks hava brep [ollawed. A vty filuazra-
tive wxgmple fo plven By Rakker and Jounkrs (i) whaea papdr doas not only icei e 23:a
8 aboyal ine BoYerantyd opn tha ofen rhacd arnd af tidal encrancas but slao EoSpices PR TRE-
Line Foverente #f groinad and mon-praioed anores appesiaing che sEfgctivenasss =5 goarc
protécelan. Skailar recardt ace availabie in 4 Cow othar places, #.E. & Dupmari, Gec=
wany apd wons platen [n rha U.5.4,

$evaral publicacions and baoky givs ronsideranle infarmation pn the developeeae of weo-
slon and as casatal corphalogical Comtures (2, ), F, %, LF, 31, 2%, 34, B9). & grear
malyer deal wich sassenal e¢hangan (11, L&, LE]). -

$pac+ photagtaphy Lo nev pravidleg & toal Toe largs ecals chechlog #f coastal covicemis
£ and re-rafacences).

A wery gpaclal typs of wresleon seewr in SNarvepisen Flends dopmaarrabing cthag £isaitnry
ol trasamious dlwsnvionnr gcan wecwr Lo mbacorous aleprd U8 fias samd and codfen ailt.

Fomed

The raplanacios of vhy thuse slidus €roquencly reach #irF large diwrnsloos Cin ke
. .






_ Teecpennbve types wrere deviaed,

~wenw walle, unlese proprely corptrurted are
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b produtied, po would s?fectuslly protect o rhore, or any 2ea workt",

M, Hurrax in Proc. of the Inat. of Cilv.tegre., 1847,
dluruster The devign n? prelps arcd pays “Croins nighe b2 forped with stomew, 1ir%eg ar
Lanclimes, #loher of the tvo fhirpc-axed opterials lapted woll, Bul am caeen wbir4 Lhe
depanlt way rapld, ond ol sueh rature 23 to entirely f111 up interscices, azl,;revenx
depay, the latter ratérlsl wvould be swifliciently durable Fac all crdimary purpsaes’.,

Tha entlee altuation wich reapect tw 5o Profection worhs wey rewlinved by & "™oat +
Co=alanlon onm Cneat Lroafen vic,” wlone coport vaun printed in LRLLP Sy WM, Seqtionirs
OlCica, 9nr ol the most nipnifleant rrl'lnm:ﬂ im this Tepore {v the statezwncy thay.
“agenea nf theic own desrfuction”, In fac-
Ljewlar 15 sedere 10 acour st Lhe rof and the necesaiby of ¢u-n||:ru:tlr|; ] l.pr:inl. 112
apron or groln proteceian jm froay of thw rew wall 1o prevanc umlFtEut L hng . |

¥ith petpeet to grolon advantppen and dlomdvantages were fully realleed,  "Tie evidenca
Lefd belfore we gody 1o shaw that Ip #any casen'pon the comae of the United kir=doa
grelnn havy boon constructed ol o grester heipht than was necussatry to {ulfd) cle re-,
quiced condltlone, with the result (hag they huve a0 unduly {ncetfored with the Ereved
wl the thinglis se ke Irad 1o {np-uv"hirll'nt ol . the beach o l“-urd, causing in cary
dlatrdecs serloun fnjury te the coant™,

Tha leength of geolng srnd the distenss betwern then s dlocussed ||.-|d'l 33 I. nthl ara
Somiann Wi ulhl‘uury erdul bty uerd #les ohrainegd by 1 ep 2 racies™, ALlgr=ent at
Flpht argles 13 the ghore wvae keag arf provision for adlvstoent by adding ar tecaving
plovks wiu prelwrspla an low groing often praved Lo be more #ffici®nt than high bnen
balng Lasd adeetnn te dewndrifc hrachaw at thl ame I:|.:|¢ -l [ 17

Rasding %it Iricdah docwment mars them 8D yrare old, onr regrees that the viaden i1
gantalned war roaliend ao Jate winevhers and chat designa an canctadictory oo ranrlbia
th tha eantucy old Ariclah sxperionce were advocsted [z, s Long;pericd af tise pnd |t
sony axlAnl 31ilL wro beilng promaqed. The diffecence betuawp British and Duce™ vrpc=,
tica In prwbn dowigm € redaied to gho grain size of the vacerial vhich the Tain sra
eoapannd wnprcied to accwnwlate, I Emgland a2 pood aany Wtacher are of shirgle, acd
vome of thes supafleonce » high vage &F weach dcuft snd aignilicant [lvctoatiase 1o
Wrech prodflinn. & migh {br sd juscable] grola nay cherefoce e prretleal. Irespy
Inne aXong the 0t bi oF lerw irporidnce dur & the coarserexs al che saterial.
Converadly In Wallard #1) Beaghas gainint oF flne to wediom s3rd which soves ronlly
and fluctuwations of wesew rolilew ave of ralocively ]l eagnitvde.  Szooth stresns
JTimed gvonn secilamal feomatry causing Litole turbulencriis thecelore baat Z8r such
covad [y {onn 4nd proung should B¢ Jow 80 conform wath relacively [e'hl!li sdrd wigrws.
Erelos hawleng high verticanl wille would cesullk-in Loowme and Llovering of the »each on
thr wlthor il .-: he giwins A all A

) . - i
PRIMAY . ¥-

I Darmars tosbtel protection srarted an the Forth Sea Cn.“: in 1880 with o goverr—ant
pradeer 1w inereane tha heighe wf dures on Lthe Lioe Fieed Marrisra (3. Ir rhe 1310%)
exprrintncd] gorwlny were buillt pn ghd Wreak Coast uring o|Duteh desitn which joen provs
vl te b tow veabh to vithitard thy wviclent wava sebion on (hat phore. The devien waa
rolafarted ard awer Lhe pext W0 yrars alesat 10D maanive proins tanging 44 lergth
From akh, 00w Lo a%. D0 = vare wuill in Lthis general area of wpitocivatuly 30 ¥m
lamgth gemarslly wln: 4 copcreiw bloch denign (Flocse I [ Fig. 43} of blocks rercivg
from b 4n & ew. now ofben provided with side sTopey of 2 ro Etn gpranite. Elocrr.ara
placed with aprciniiy depigned crpnen. fIroaiom cnntimrd outpide the excrez¢ cnd of
thy gralne srd the outer p-ru wifa ML kapt wp. Tow Lland emdly wefs ratenoed fraouel=
1y an the durnrn and diber were wptbdesvn L1}, Atbificial noutinkzent froo bay or off-
ahore aveTedn bt = purprlabngly sncuph = mor heen lpplud Fob buk bb wrpencly waadvd
nﬂl.“htl: sn the Lins Fletd unl!u- - . [

! COARTAL Lmtc*rinx 1 HOLTH mu[u

T the ¥ov Varld the preforrional Ristary #a bmv ltwsl problens vart solvd it bespoo-
ing wid Aoe, bt "public hlstery™ iy mew.  IC may be desecibed heiefly wizh & fuw *
wues (4,3). A P b

COASTAL ENGINEERING

Sefore L9J0, Fedreewl inteeest In shore provieny was Limieed o the pratection of
Federnl properiy and iaptowrzoats [or naviedtfon. Ac that cims, o adelary "ioarq
on Fard Huwerent ant EBeach Erosion”™ appointeld by che Chisl of Engleeery was g'v prig=
:Iirdl IAREruneAtd ity af the Federd]l Covermrmanc in cthit finld. In 15)0, tha Crxrivess
-I-l'l’-lfﬂ + broader rals im shore proteccionm by autkorizice ciealionm £f t™e hwalh fea-
sion ‘boaed, Four of the neven wentors of <he Foard were Corpy of Legirwers offlerzn
and thr ether throe vecr fron Srate afercicy. Ib wvas e~povered to =asa #7010 3d
brach cropion probleon ar the raguest af, and in ca-pperstion »Lth, Cilivs, ECuUmiivs,
ot tater. The Frderal Covernoent bore wp o half of {ha cosr of each stady byg 4:8
not bear any of tha consctucticoa I:ﬂ:l:ll unT.url Eedecully m—:-wﬂ proparey wvad igveluwd,

This irpertane f{ret wewp wan fotloued by 3 serien of jmarovemencs, br 195%, 15135,
1563, 19453 and 1960 demanstracarg 4 3£ill Dnireating inceresg.and |- selvment fz tha
matter by [ederal sathoricies {4, 3. Several scaces creaced CROAF OWR beach sfénicm
and whora developzene apencies n.-h:i.:h evtablished co=operaclan with ke Laenl %.5.

hray Corps of Eoginears Dintriee #nd Divisien officme and with ehw CI2ley ot phw Chlef
of Inglnarrs, & grasc nuabee gf fiudies of azigal besch aration prople=n foliceed tv
caperts ta Congreps by Lha Sectetdty af the Arty authogizations and fivally By (-nr*'nu.A
conteibutions to scrual leprovecencn. Thesn rEfores wars supporied by reisdess sra-
jeela by tha Brach froslan Board and from L3963 by the Comntal frgucentirg Ruvascca
Coniar (CLACY. A cucher of specitl Jrojecis vare handled by eodel Lusts 4t cze Kipars
vyl Laperinanc fretlon of che USCE and CERE.

Sttufturally speailng che sre of coastal proceceion wwfivred abhorteorings compaced ey
tha lowv contries in Luyrope.’ Favented =37x or leen uislesd coattdl Precestion gavites
A0 0., Perasbla groime, have had & bipger chanca in U.5. Busisrst (240 ¢liavnera tuz
tha Pavest and oasl elEective neaturs, =rtificial nourishornt, 1ithasph eax Sre (3

the Scates, vas roined rhere and MaF so far bBawn ool succxsafdl En tae Unibe? Staian.

bairg "philosophical™ one cxy sy that the dillerance bharveen the Lurppean fos ceonLlT
snd the Absticen coaagal proceccion praccice lies in "che'seal®™ and (s “Ehe SefTea =2
imvalveoenc™, The Eurcpean iy “high™, Bul “shore™ and of cen “cooales™. L ATErICaT
1 "long”™, ralatively "low" (axcluding Surricans proteclions) Mk "uhtlv,l; pl=pie.

The Inutopasn praccice Lo toogh and allenp, the Amecican in fiecibie srd [k 30usn oo
solaw begausw bt dn mor only & manswre but aleo & “noyriehing sachize™.
nr

'
‘ VRAT WAS ?J.S'I.' IHUILJCE'-' W'- SHALL IT RE UTILIIDDY
Tlu tﬂHlM ﬂi"hn-u.;;intd throczhk yeacs of srruggllng may ¥ vaprxnsad Erlatis agpn

1) '-'hl‘"“l' you fm, awgld vavrs a™d Curtants turning cheir full forcer ozte a3

Y FLerllegh, 1570%). -

k¥ ban't e nearnigared, thima LaTpe L you pasdlbly caa. [ {0 Mitter Lo silen
protleas af a0 Wilocaters of Siien thsn only o Lome oeteTy o0 2ees.

3} lodh eccamiard, lacduacd and v and down che shota sed evaluage catefully dew
your plant aay hl Anflusnced ay o influrnca tha Surfsund ing scesn af lard 2od

- WelEF.

A) Coanpwl Prvt::tlun dau not mecrsrarily aeed (o by juwt comsral defenen,
Dutch experioncs ard ollicary tradiclion scems o fawour delorce By attatk,
war It Ly 4luays best £a kerp Hhw initistive apd not Leare if 03 t29 rpnay,

o4
H-IFY

An doaclean verulen of this expeclenca zay ba erpresavd ". eme badc protacciin for
real wacutw fn planty af veal petdte in Frome-nf che resl retate you wARY Lo Jrafazz™,
#n spprodch which syulta milos and kilooecers and wleo matches ecanssy &6 Ebhe jazrral
saptrionce L+ Lhat you (aloost) alweys g0 # bargmin when- you order largp+ guazzicbas,

v RIASOTS FOR BFACH ERDSION O\ '
I1'l ordee te eline bnd dhecuse chi Prablem Lt |3 rccesnary ko g9 beck 1o [t reoes.-
Ercuion Es toynrd by the Covces of =aiure, somctiwes daaisgad by oan—oade agriciaces
or by wan's active trowlon by remmdl of caterial from the share.

Toble L §u o reviuw of freasons [of matural amd min——ade eeosion. 1f na ereslsn Iz e
takd plaee frow & parcicular short ThEece Euub b 2 halance Batw®dR Lhe Casapfcy of’
matecisl whirh artiver and cha guistley af waterial which dapar®d. ' L€ ud c3zéfaer &
ahoty which (o rot je balaace bus io leaisg nacerldl parcly eilfshors by traosvazial

. ' . e .
I "
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o et bdam pore Iraginstivr and wap kad ety awccedd chan »an,

'. . THEME

1% tha pwo chararterintic propevties of rhese vaterialat The [icat properiy 3o tha
campitie Tees in eovengih slier & abear Tpilure chilen e characperintle for lonse [ire
pard Brd gaaree soli, Ar the resslt & this prerefey the dltde maseed Avemr e
ehardetar of 1 viderun Tigald ard, 10 the Tirst tlage, [low davpwntdn (183 che wlie
ot and pravitly pmitiate Eeu aljdét By proalea.  In the necond place, Lhe donis;far-
arca BY 1t o lE' gebrin reane phay the facen of the alide pzap are Tull yneurprrt=?, .
{rveleirg Ll Foak of 20 extcnsion of the a1ide 1o an wphill djrection BF & ratr lee-
wlwr, dLies by slipy, duvelopmrnt. +

.The arcend property of subracipe deposity of flar sand and tnacsr pill Froponnlbiv "'r'r

Jthe divgnterous chatacter of the slides jw their rlupuuﬂltl't high ceodability. =7

TABEEn why thonw dyroanics arwy gakily sttaghed by fropion ie pertly the Lash of exbpel r

af find awnd srd Coarne silE parzicles and partly the lach of & peatectivr cover aof 17
anil and wegeration {n subtarine dcponity, The congequence o tlw bigh eradabilicy ;|

“that Lt & flow slice dercerds ewver this gype of depgnie, it will cur deep canyore -intn

the slopes snd urdgraine any ebattuction uhich dellecte br fram fes eriginal rackh.
Tha dedra ol such an erotlon can lead o che developient of b new seriet af calresTin-
tlew elldes which cum cancringte borh By extending the slide and by addirg fucel«sf
Tinuid pard £ the Cloving tasres., 10 tha puttgiicizl deltan and satudfonn veioyriig
tha hrdd &f vhe (locds in middle Marwvar,
stanply, 1 ot caten ehe depnaies AFF concinuCully Srowing pe 4 fesull of apoumLiew
tlon af gerdy #red pilty marerial Sreivg €arrird out inco che [jorde by tha rivers.
Wnde? thevs rondiCions even 3=all pan=sade Tillioes pay initiore & alide af gorallers
able wlyw, & factor shich ray contribute o che ingwablldey o2 the subsagine slager
Inm thade [jords it getenlan $ace Troesduty gonditions oelipinsting (rom high vater fran-
prud bn the fisturey of the befroch benvarh the deposins.

Far lurthrlr Infarcation en thin "soll cechanics™ stoalon she Teader in E#ferred to &
pepdn Wy Br. b ¥lercum, Troceedingy af “The Fits% Internacional Conferanca an Picr
ol Oxopnm Englorsring™, cha Tachnical Univezalsy of Korwvay, August 1971, pp. fa~-ld.

+ FATURL"S COASTAL FPROTICTLOX, MAR'S COUXTEATARTS

¥y g Juch matury hay fac goly desensireted Moy po srode Byt aleo how Eo prozect.

Tt wbY mabrly b gadd chat Chere 60 no prasection (nigiaced by wan vhich has rot Ei-
faraband Btrn invgmied br Niturw, &0d Tdiuce oErained sll Che geod cobwlts o0 wall oy
#bh the %ad tregwles balore ban did. Comtequertiy va gan Leste [froa natufy il we ol
saly miiy the eliore of opening vur e7fs ard lootisg.’
Fer haps #mg reprzs SI0

AhEe may e awwphp Ln the Tact phat whag v p2e i maanly the rasults of (ke suZconina.
e thy covn of Eoidures 1isele or noghimg wey lefe]
BELAN mAARTFREESngL LY, SOREFYPE RECWCRT eauuta]l Frotrciiom {4.p. i3 mim BFi-

!_;hh T. bkatyts™n Coautm] Frotecrtlen. ™an's Countergarts

Faturn Yan

Kby Ttk Fra wall

Tach qredf - Subrerged hlthnd o ooand .

Tamh Jalond Qffvhory hresbusgpers

Rosdland Large Briakvater perp, to wy “ 11

argple with the aorellne
Crelmy

BoLbea Merirazeeg
Tloating Breakuapar

Lech perp. o 1bore
faa 1108e vEpatarion
Sep purlace wagavation

Puns Brkr

Katarlel ctapafar Ew whare by

Vied drwife

Nivers Artificial wowtlohmant Foow [end
"femrn stetinn - aurten

Lenguhary Llerere) Drife

Bup botitm trpnalar u
Bareral Rr-tasting of deifc ot
Lidal inlecn

B

Artiliclal m‘rhl-lnl'. from of[ahare
FOUTL 4B

— e hanieal br-plul.n', ol drint- at .
- - . thisl Julatr

the fire wand and nile nlapes fregquently rigod

It ewte by séwivned thal Fajara’

Coavtal propavapharn aod gadizgin:,
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Tabie 3 glver ena=ptes of pavure's protectlee acazures snd inications wf thea By mam,
1t Is obvious that nature has irccemip eesources grd i able pw play o “fulf aretsropn™
vhere man's fmstruzenoacion i sosechec Limieed by Ehe lack o} propar togals and sde-
quate funding, one depending upon the gther.

Floga € Fig. 17 shows updrilt sccumalakbion wt & tarpe 706k hesdlond, “Peortlend”, on
the Icelamdic Spgth coant. PFlage & Fig. 19 dexonscracen natursl of(thare dradbvitac
protection covsing torbala formation in Doroat, England; Flage & Fig, 19 pocker
banches Tformed by ourereppings of coral rock and natucal fock new waljs on bha ednt
coant of Puerca Rice (Faloas Del Hat) aed Flate & Fig, &9 huge outpours of saterial
by o glachal river in Ehe Arctic. A1l glaclers have outbreaks of wiater regervalrs
during the bumaer seasen. In Leeland gubglecial wvulcaraws, when rrupeing, occatjcn=
ally caune divgharger ol the arder af 1 killion ;ubic ynd, of material including bed
ioad “"peribeles™ of 20 tw, .

COASTAL FRUTI‘CTIG‘I ARE ' -
Tha wailn canwr of need [or coastal protrction sze jlaced in Table ), d[:tl“uhhln'
ErEwvern mratufes E0 be taken on lerge wrd on angll scalaw,

Table 3. Main Cages of Yeeds for Cosntol Protection

Large Scata fagal [ymall} Scalg
Yechaointion ef land and proteceion
rafl the recloimed Lapd: x

Fretection of preperiy and urucu.r-:
an tha Coant x .

Posher brachan

Tabls & §0 on gctempe o extablish & darailed clapsificatian of the Typas af ronseal
precection which are available todey. DistincCion is oade Wetwian tun“lgn..!. dpara-
flonal and hypdraulic or wave wechanic) charscsacintbed,

Tuble 3, ¥arious Coattal Protection Memtyres Cllui.]'hd n Accardanca with
thrlr Abllity t# Fravide Froteccion of Ivtentive and Locsl Arasy smd chair
Intiuence on &d10inieg Shocen.

Conntruction and nratection of heaghra X

1 larga Small ol Influracs sa selgh- -
. Scule Scmle K bourirp shores
Cralas - {x) L Hay stop at Mveraw, sloem vory |
N LT F1t] irrabaiy
hata | ot Ta=
ttation bul mat
; i1 allshore are-
) - fion continutg
 Bew Walye . B . = 'Stop eranlon May 10 some yniang
M ) - . "7 where Thay Are becosd advaraa
Wilc but do pet
stop vlishara
. tracion - .
Thore parellel . : )
LIRS g ix) ® Will peobably  Mdverta, sftem vory
ttop arosion - sevarely
, ] ' and build uwp .,
! : beach vhare thay
. Wre arecked
aceiticial . '
sl Vhaent ' 1 Videns beachar  Banaficial
' Travides Ivl]
provece ban Lp
“all ruintalned ' .

{n) lean atevaceive pplution
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Taule 3 Listw Jirferane coantal preteceion mEeaturas and their tefagive whility in
previding the protuctlen, whafr infiuencs on adjoining sheres {benelfictal or avezpay,

Befoze we con wvalyate which proceecion Ly prefrrable the eirvation with regard ra
#To%iAn hat 1o be appradieed. This may ky done by the ingeoduction of the termiraleog. qu;
“und erfourlshed™, Taniliciently meuriahed” snd “overnourished proflbled” and by the
terminelogies "source” and "desin” of magerials {J0).

Bty ek il g B A et B Pk e bR

Bea = qaambb g #F gahpbin cml gpnmwa TPAR b2, GuFRET

Beach Frofiles Glansffhied in drcardance wleh Dourlabrent - Comsiderationy an the a4y
of Lh4 develarent ol bEash Predilay Webkle up ni samd wigh grain gize 9.7 to 0.3 ==
1ee1 to ghow that we can dintiteulen Batogen profiles i:\ ArOther vay:  TRat ity Wvtesem
the“evernmucithed] the Julfielencly rouriored, and tha undecnaut habed prafiles. Tieqy
. teroinalogies Sce ropecially valuable for an yhderstandirg of the prables of whet ;i-g
of costcal protsction tipyid b preferred ard how patisfpinnry guch conSrruction uil%
ba. The owerrourished Seveh profilen sew [&d ¥igh rore waterial tham Ehe waves cay
shapr inta real bezeh prolilas. iheia, theralore, ate ircegular ard ofter cecloms an
itregular shoals, Thate pre too difletvny Cypea of aaffickentdp-n-usiced sralilen.
At ort af thew rhe prefilas ave net [od wleth mopy waler(al tran The vave 3 sraza
inte L profile having the sima "equllibeluw fete™. At uha other, the }osx of saresjel
rqualy thr suprly of cacerisl apd the praflis ncl1l has phe sane equilibrive foro.
The underncurished braek toliles ate wrodeds  (har in, Ehe codstlloe regrograder.
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The undecnoub i 5P ed bedch prolelar will alusys buep an touilibriva (o1 but the fars
. iy chings [Tom gre locality to ancther, degending on the condirians in garerel, 1%

pecme, theerlors, 1t progrodatlon of & COANE cay ta%e place wigh of wichout fouil
tlus profiles vhile retragradation of & shereling can Cake place anly with equili®
! Prefiles having a migirym ateepnonn ¢Orresponding to the quanticy of lirtorsl frire,
[

the waven and the paterisl, An actusl rquilibriua prafile therefore should be dalp=e
) uF ¢ stable prafile -rich manirun sceepness. hegdless ca BAY, Y capnot expecD Lhar #L)
! underrourished profiles w1l slvaps havae che vame shaps, bur we can expact phae stl

i wnderndur {abed ard sullfejentlysnzorinted proflies w1l have coertain stan?acd for—w,
which in turn means cthat whare one of the scendard eresion {ormy pceurs, wm knou 1t
the etoalon ie probably pae comparsry. Thin lnformation is wery importang, If o 1he
other Yand no eroeion takas place we Can rapeck chat only & 4llghe cranga io the 1it~
toral drife balance may siner tronion.
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A sourts of caterialy Ly |' codavtnl araa which dellvers macerialy to other hraehes,

- A 20uECs might bhe an Aces whery srasion criws plage, & shonl In rhe 1en, for ingcascsy
the fhallow ares in [tont af a0 lnlet which han baen claned; a river which cranspas=gs
nard macecivl o the nearshocy pes ferritory, 9r sand drift leom dunes Lo the brack.
Arcilicial nouriz*mant of any Xlod be #Llso & sourca.

b draie of rarerfate {1 w contta) ares vhere maperinta goe 2eptalecd. A draic =igus
e & warine [vewland ol any kind, 4 spic, recutved TRIE, & tombola, erpuler Porela-s,
ric. It might alen br o Way¥. an inlet, or 4 shaal., Map-mide tapBrsuctione kuch gy

lecthen groine, or dewdgud vand peapi, ary slee drains.
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bbby vk wm 0 b F o
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Eoth tacminglosies sra uned In the settion dualing with goantel porphalogy Lo Telazl:a
o problecs of beach aroslon ard coantal prsrecclan. In pratilical toasral proteceiz:
technalogy the rollowlng gereral selen arn valld) .

Ly, & toastal protecclon sheruld be Sullp in such & vy thet {2 Puncrions ae a Srai=.

It should chers{grs bave 5 souTca Bt por & Sralm o~ tFa wpd 7i0e pide, If there In &
dtain the colsinl protection will mot be LY duere et ol wnlend materisl Le kupplisd
sriblficially.

1) A barbor of an loproved Lnlet on & Ticteral drisi coast showld nor act a1 n drata,
it whowld therrfuce hive o sourca bmd If posnible * -ain w8 Che updTife Bide. Teay-
. ) chile v la very difflenlr to Pind & place whers ldesl comiiclons ik, and fdny civer
b lactors play an loportant rold. ast Rarbors ars wuilt in s shelgered ArER, BB it
4 b4T Or dn & rivat Pouth.  In such drsas deponfclons witl eloast alvers vaie Flaze
#icher Leem t™ TitLloral drift or as s011ing, which =tang Thar che harter situaily
Buncticna v & desln. This Ue (he conm with suterauat harsers all ower ghe wacld, ==z-
ably 9n the Fasy Coart of tha Uniced Spaces, Fraroccion sgwinne che licioral &rife
£am ba ellrcird by the censtfodcion #f jerties, making the “isproved inlet™. An im-
proved inlet actm ot & draim amd proiscgs the {nlwr, Wt &t Lhe ppom Cime Li TR
tha supply of satarisi oo the busches oa pha Loa side whlch sgsin woesns chat chegy
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Wesches dtarve - having ro soutcs on the updelife slda,  TE will b seen, theeelors,
Lhat €oanesl proceccion problems sre Lhe revecie 40 harbot problimy.

Table & [ g peneral vutline of che funetlon of the typs of eoartal preteceion fn ve-
lation o cthe actual Situation o[ the besch and babten peoliles gadf e source amd
dralm. Vhen these {3ctors are hmown, i€ Ly posnibla to evalusty ehe offects of varizun
Yirnde of coavtsl protrction and in that way decermine (he type which in mont wirakle,

Tablen 7 to 10 give tasic Inforwatinm an various types of codstal protectfen: Fureici
ke procaction ircluding aes walls, groins,
pant [n celatlen ¢o "chae {9 vantel™ amd glving som speerlic lofprcation an layour a4
Eromalry, combinavions with orker eoazeal protective messurss and on desgigne. Flare 3
Flpurer F1=-24, with stcoopanying nete sheece follewing the place pheees illustrates
dyha pratecclon and dune buildine, Flatép &=9 Fipyres 23=3% and the accompanyicg rote
shaete deseribe each parriculer meesucet  sen walle, grairs, alfghare bresbsaters ans
actbficln]l noutirtmear lncl. by—pasaing of saed, Dur ta laer of qpace the nuzber ol
figufen had to ke Limited co characterintic emprples of “the Stata of tha ATe™,
Adequate [nformation functiom i5 ava[lable In the liwr af references and wibliography
shich hag betn neparated.in settiony referring eo exeh parcleulsr Feapura. Space lioi-
taclonn had to br contidersd a2l 90 on thi? mactey. By=pagoilng of material {n oeationed

specifically in the arat saceion en furure cosapsl protecilon. \ -

' '
ICW RILL coASTAL PRAILETION DEVILOF @Y THC FUTLRE

In fotuce coabtel provection one mupt Lhink laree. Tt will thecsefore develop ax 2
function of rhe combined peidrlcal, sdnislacrative ard technicsl strocturas Thece
will be little or no use For "one=nam jhowe™. large groups end Iefgs areatr will hare
te ¥ accoogdated - Ly large wcale resaures, Kerdy will be ¢omeentraced gn frocveceivs
Frenrure vil) fncreare by tha
#red Lor regovational beaches. Peotection will be achivesd siouliersovaly. The ques-
tier of whiph proatective aeagutr will b oost practicel wnder sueh clirgunstances car
W4 aonversd by just looking sk Tahles 5L which clearly Exzonserats rthae arrificial
nourisheent wicth saitable carecial offers rthe went Lagge=wcale protection. Ihis, Low-
arer, dosd mot mean thac ic alvays saffican, It miy osed tuppire Iroo diker andfor
ars welln beCiysy of the possibiliiy 4% storm sglger or §C oey need groing Lo Bread
scourkng éyrrents punning claxe o phore. Ovg maddn cechnical advantage ansociaced
with artlEicial nourishovent I3 that it in “srooch™ srvd “atreenlined”™ and cheseforse mag
enly hae o sdvrrss Leedida effeces, but, on che contrary, benefles ldjuiﬂl'-hl thozer
by a gradund releane of macerinl, Ocher neasgres, pirtleviarty groinn and ofCiloca
brodkuaters, have definite pdwerse effesty on neighbouring whoran. The im=portance ot
apreenlining iv ohvioys [rom che fallauing wlmmsrferry reasnnbags Yeoes Lietasgl Arife
tormuler Talute tha quantley of langsbors delte, Q. to the lengrhara cooposene of wave

-’

*ANTEF Au} . ' .

G = [k va)ein "h

If tha btwsahar anglr ay incrantvn, G IMCCuapas o0, awsuning cher b fhangen only pex

The ruultinl ralagive lneredie (dpcroads) of mucerlel Eranapart

dagret up or 4own,
La indicaced In Tanlu 1. Co.

within var{our cangey of o

Pelacive Ipcvenss or Pretaase of longahars Heterial Trenspare
when =, var{oud ¥ | [ane) dagren

Tabdle il.

Range of Incrrane of
ap ' decreddu, dpprRE,
Fefetentage .
g 38 0L
200 3? 1%
g W - 3

ghwious that 4f¥ (naturil er) panwadu d{sconcimity in shace-

From thess Fligwrws ir is !
The beneliclel wf=

Link grometry Way hovd & consfderable allwce wn sdjolning vhorae,
faxt la walcoms byt che sdwaren Ly roc asd §0 o sftes avvare.

Tha “Fage® of Uha gosbtnl prageecion wlll wary frim placa te placa, dwpanilag upoa

offalove brearwatecn and srelficliol pourish-
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In Holland rlulcctlnn vill have the pain saying e reirraticn will
In tke limited Staicy more and nce pl‘ovi! Atk rosioeg
to the coattsl romé. Iv i% envinaced (GE, Peebich) char approcirarely 507 of tle
#olire population will live in the eeastal zone by the year 2000,  1n Florids ard im
zoit places, slong trta Taetern Seaboard af the Uniged Statry ctasval procescion ar: fe-
“er#ational Bracheq will be corblined. In Califocnia needy are moskly recrencazenl. in
Jupan tha nerd for tecreathonsl beacher by Eremendous. 1o Iecland red walle and g7osri
dca peeded _tor their $Ceep pleares byt the decands for sandy beachen 07 liew of sbirzie
Yaschaeg wlit Increane. In Deneath tha mapsive expensiva proin pretecticn on Bt rast
Coait will be suproried aml paftly repliced-or In some coten abandoned by arcifdc i
meyrjabement feon offahore aml from bay shoals vhenever posnible. Acceplirg thim ire-
wltakla Lrend & devriop=rnt It w11 be an incresilog dewand for iuu 1324, lmoa:is
tien Yr tooe places reangren will be needed and justified to hold on L2 Lie 2ard e
dacrenun railntenance, Tn many arvas 410 over the wvorld teglaraglon will canelnur ond
this raquites dybhes ond reinfercerent of dykes Sy scanalis or recetrente. Friz a
agehmical an well av & goantal echice prlnc of view chera zan therelore herdly be anr
doubt that Cuture codslsl protrclion wiil comprifd ¢f Che single ar cocblord =eanut
Hwvwed Ln Tak)a 12

Iecal condilivne,
bdcond ot and mote feportant.

Tabla 12. Futurs Cosnisl Protecllve Measurer
- AN * Atiflicia] Beachas and Kourlibesnt
ER = Srolae
W v Sen Wallz ard Offabhore Ereabwesters
Large Jcale Saxl) Scale
AK A £l

e protest o paccicular ares

poiaribly comblned wich sreifielal
1lapirg structucas prelatable

duner or dyhes previding storm II.‘I
’tqttttivn )

- b 6L
N o ralmlfopee dyha or duna spslest may Be Justified in local acenn IR vrll
tclrvwe conditions of wveres lnd plonsed snd bepr FLLied by rarars ardf

tl‘" ar by oan
—_ e —mmm = e 11—
Ali * &0 -

_ - B ] .
“when CR are Juselfind unmlull, e proceck n particular srea vharw ;rui“
v =Ll dacrusns maintemanen corte

“ra oacded a0 turTent Breskers
TAM 3 TW e ER ' '

i unatunl JifFlcull caves

- - L

Thy mwrptizs wh{ih bda sriers in) Twow 0o we proviae the opeisal seluriem, techalzalir,
geanomically = ard praviptizalls? This question sy by converied ctor N9% 4o we 2L
PLIL auitable Tor beach nourishoent inm wnple guantitict neet ecacomicalle?  fF Ix 0y
MEENNETY E0 Wulld 24pparcing sicucrures a9 aea walle andior groins, vhach desige 14
than (¢ oortl kultakle® The problem which wr are fyerd with contecms an aptizalion-
tiew o eoanna] praveciion considering all fagtore, che Initial darign as well i

. Futary waintensnca.

Aw the maed far sand increassn the pﬂulljl.l.tlu af u:urinl tha 'I'I.I'I ftom lard, Tar
ot Lopoon souttrs drcrvasen which oesme that suitable fill 1a & 1eli) dnervasivp event
wull bx sacured froo olfahors sourcen. Sech matrrinl sust fuifadl che foilowing d¢+
nandy (34, 32, M2

#) Cendn nlew shall e &y eoarsw oF cvdeser than rurural besch Land
%} Xarerial shall ba ralativaly well sorted with » distribution of parciels aige to
covar b)Y pralm nines progent in che origieasl snvivrarmenr

In whadl iredvde #n Liccln fine mocarisl (£ 0,13 ma) s poseible and aleo Litele ezovin

material wag. plrli:lll} 2 wm te aveid arpacation and 2 wCvap dradl wnICANlA = wvar
changing = Waaeh, .

€% In wunt wa runlntant againer atraslen Iﬂirtl. [I‘l‘l'll‘ and similar miracaty)
d) Fewdltns ue way, it st #1ed bt cloan whithoat cpsceng af clay, silt and -:;-:i:
Illlill . ] . . - T

- COASTAL ENGINGERING o

&) Bur = wery bizportent = nat wll eoterial needed o fFill 2 beach han bto be "fleae
clanm™ Ic is erocpn chac all the expoded magerial 1o sultablie. Eelow the lower
Tevel of [lucrvacion legn ddrquaca material may be placed = fyse o provide volues
and suppert Far the upper {lonr of “Leach cagerfal”,

khere do we Fird suitable materfall? = Every seeiflcisl nourinteent project includes
€ lunt [0 JJtdIr profer waterial Which con be pecured bnoan atoreole bay.  Tuch mates
ciei may be Peurd in borrow arfun jn nearby lageons and baye whare Ly oia utinl by Feira
I vany to dewdgd §C ond duop It where it [n vanced. Host srefficiel rourisk=ant pra=
jectn ro lar bkiave bren based on boy, lagoom and land sources. Fut 6t eey 4110 b sm-
¢ured {rea offshore sourcnse. Tha "mard invencary program™ carried out by the L'.5.
hray CMPI of Ehtin"rl on tha U, 5, Esst Coost tevenbfed tha eniltgence af wuch :!-;-u-l.n
= ol warying origin IIIIIl sverywherda « bul nar aivays within an “qmuu-_ pu.'jpl.l'l‘ dig=
tance [GB1). -

1s_sand in scple qu:mltl." HIHIM- afFabareT =- This dependa upon Lhr qanlegical
BEFuCCur# and Cha Facent = (hal pedhl che quattatnicy-gaalegicsl davelnpmane, &1L
thores and shore aresn have been subjecesd to changen in wna Ieval. During svbeezges
thorar and beschen vesw diguned.  br find old shoren including whote aatetinl avecy-
where. Coaucal geocoraholopiet have dealt excenvivaly with anpcient shaces £60), Syp=
lap Eawtges caterinly recurned to shore. Lland sceas whigh vers subjected €2 glacia=
tione = and deplagiavions = and Ltherefars to Righ Lluctuvaciong in preavaure caved up
ond dovm wirgh (Pe ice load. A€ the same tioe oceans ayblectind 0 glacistions Tecervad
cresendecus gupntatier of leecarried macerial lacl. graval, 1and snd clays ard thla
wid deopprd in the ecean vhan the iee malied swey. The Kareh Sex ard Baltic Sea off-
whore goraines ond oelowater depoaate ara typleal ecamplen of thar. The contequencs
in thec many sea tecrbtories are able to debllver oaterjals suifable for desch nourish-
ment dn acple qaancicien - but, thise I3 rnot wroyph.  The patzcial slso han bo ba
wvailable vithin & ressonabie dincance frem shore and 4t depthy which caken racavery
pracrical and sconooigal, To {eeescipate the wvailabllity of materisl, core sasples
thould be taken up E0 Lhe depch of che plannaed borvow, It L5 salfesplanatery thaz the
barrev pib mune mog b locwted #o ¢load €0 shore Lhat it prezent 4 dirger Lo brsgh
stabllity. Thit qurestion iy dealt wich in raf, 393,
boundary for milder conditions but 30 £t sheuld prebably Es che minicvo dupth for goam-
dicione o the vastern seaboard of che U'niled Simcan,

Baw will we thea brirg this vaterinl bach bo shoret = As {r cannor ereep itvalf the
wnly practical wvay o Baving Lt [0 by hydrsulic pover, pumpy and plpes. Tor this ve

nead machinery and o devicr te carry tha il:hin!rr+ For tha lstter, thres $iffarant

posnibiliries devn ta uul'.t

a) ofisnstw mining trom & suriace venicia Cenip;
¥) affshera pinlng {rom & wehicla opetating on tha batioas
£) allshore mining froa & fleed or povable placfomm -

re. & = OfFphore =ining from o surface wehlela = & veat on minbog of sard ofFebora way
Tun by tha L.5. Acky Cotpw o Cogireers wn [¥08 {67}, The U.5. loprer-Poedge "Coer~
hals” wat welrcted for the operaclon {Plate %; Tig, %0). The roaring bacge used far
dlseharging [roa Lhe happer drwdge vas snchored in approcimacely 19 £t of veter srd
lbw dischaegr pipe way connected to a 2A-ingh dlaseter, 2.000.0r larg suteecped piza-
line running sibare, The line betvaen Ehe dincharee piping on the Larexr ard the sud-
werped line, ta [oro a4 connection lrom che plant a2 1% acwan [icpr, needed both
flanibiliey angd rugrednens to withitand the lar#ra] dnd verticsl novecent ard ke
forces snticipaled in thin savers arrvice. PMuch arperience of opeestion erd rquipcent
was Fulned By thiv tant by vhich [iicy=twt hopoer loads, cooprising mare than 237,500
gulie yardw of nand, wers pyusped sihaze along & T/A0Eh-mile strecch of besch. The
perd Eill wan 7iled ¢n the bSeach ta #levitionn abaur % fent hlgher than szinted pra=
vlously snd ahe besch vas sicuraded wenvprd some 50 Taat.

The Covpy of Cegineers beach nowyistment saaprriment at Sra Clre, Lev Jeraey, duwon—
atraced ™t 8 vuiladly euipped aragaing happet dradpa could pusp tynd OAEO wm ot ram
ktach Jzcw am gifshare maoring, chereby [wrihas wohencimg the wacuarilicy -nl weelful-
sann of thin cypa ol hydraulle dradging plant.

T L¥1] n comprohencive noutishmant from offahors sourcan was rum st Ponpumr Beach, Fla.

The I0 [t contour may ba the \

v
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By C.E.0rkn. Inc., ta,. Thin work' win refformed betwren lace April and Getnbar of 18712
+ by & cvitrrtead=t1uciicen decdgr, Turing thin period Approvientely 1,100,000 cubis
yords ef matecidl s pored on the Leneh.  The materind war loxeted spprowizacely
I-L,000 [ret affabare on degihn of J0-38 Feet of viter. Tha dapen of ward available
drldoes wacavded 33 Ieet and nower emconded 1D ferc. The dradge van 215 fe long, &% Ix
wide, and 10 ¢ droep with o displacesent of aiproniastely I,5' shart tons. The T
Arping wan 1700 hop. lbe plpctine weed was. 25" 1.0, The floatlng line wap camvens
tlenal. Thy Fompare Mewch projuet wan deuce bed by the cantrattor s1 being "routine
iR evrry Eosprcr, vith the dueplion +f 1ca eanditions™. The cperdkion vas |'mited by
the dnablLllcy of ths Cleatlng prpeline ta re-ain fntace when the keas exeecind &=y @
In Baighe. 14 e fele by the SPFratary that che dredie coald have Operated in aeag
wp e 3% Tk previdrd the vavre perled way ralutively shart, Lone-petivd vaves treded
e ofTect vhe dredpe™s capabidity vhile $hart=pericel vaves had rtrs ef0fet on ghe
flascirg pipellne. “uksurface FipEd hava now bern dewwloped fae yaw dm cadss vhrere 4
pltqlln- il ba able ke racaln In posicien In bad vesthec.

The Inrgueit brach rontnratien wr crentien prajuect 1u prebably the 18 nlliien cuble
"matucy Wraeh Fill which san carvied cul In 1%11 2t Hovk wan Kallard to craave g 100+
Wectara (i%D acewn} wrag™ wirch of the narth bredkvater ef the Potterdis LCatereay,
The matarlal waw dredged bn the drrp catar chanmel aerving Europart, Kocterdan's naw

alpsntic swapory 1813,

Fr. b = OITa%ace mimicg frem o wehlein operating en the byttewm = Thy wedarvaper drespa
Lo wwaid deeem chuth APFTATTd A0 intervale during the falwrt two decades, Urdervatsr
#redglng Cor minerwtis hat Sorm hnowm lar lorg: Subrergence of plpelines in the ocvan
¥orlew by Jut puars in #f vecenl dare. E{nller large scala projects for placezent of
twnnel plprs scrons the Stralbn wf Duver and sliruhers. hive baan ddvacates during ru+
ent prare.  The undervarer dewdge (Fhare 10 Fig. 513 which way Put in aperation am &
ket baxle [n 1970 ox Ve, Plerce, Fla., van & resate of cuny yearn of trial ard ercar
AES). A total af §1.000 cublc varde wit diseharged on the Sesch from the botrov ares
E.I00 Tt affuhare. Itany irprevements ecill seem to be needed e make such an oparacisp
mveekinful tuthnically and veanomically. 100,000 thoutand cublc Farde ware pucprd
ankbors by w torventlal dredpe In contimation of Lhis wore.

re. £ ~ Pvepleg From # Platfern - knather typs of offshare dradge v a rawglc of ra=
Sdateh underpakon by Lb5, Volland, 4ver a lang pevlod af yearw, wnlch requlted In Lha
favvloproent of tha "platformarrdge” 134D, Uwing thin Eredae a2 high rate of produe-
Liem can bw achlaved ot cansidurable depi® o carranty and swelin, Plan and slde
wivws of Uhe plarfeorm aew glven {n Flate ¥, Fig. 3I, which shove the drvdge vith che
Enddar lewsred Inr drsdeing st the racicys depih af 13 wetern. Supperted #n rirea
Tozs, the Flatfers 1i7 bn eeess by waons 4f CAres swim=ipryd roters, in iny difecsasn,
Lemgth of the L-nidew lo 30w, Thr gutrer 15°%er Frojecis sbour il m when i (ne
taduwd povition. 1ha 1og0 ure sppeanirsinly 18 u in length, AL & dredplng depth of
d% w und o twtbur panetoat lon depth of 7 B, Chy placfara can ba Jaehed wp to 2 heighr
wl A om abwrn wavet. Table &% Do w Yiot of daca predicted by the IWC {4} compaclng
SwiruL capscitlon of comvenrianal dredges tw the curter placform dewige.

<t Table 11, Butpwt Cepacley by Cusvantlonal and by Flacform Dredea {34}

Convant ionsl Conyentipnal

euicer dysdgar cutter dredger Cwd ey
with spuln with swing wites pletfoem
« Betle wirput Ln w)ipr 1,000 1,000 1000
T bwny lacior fer averrunaing - [ ™ -
Eumhrer of pump-kours actainskle )
prropear Ln calm waper 3.100 1,100 3,1m4
Yorlvus wavr Reight [n svon awall 0.10m 0.1 m 1.0m
Faccantsge of vorvable hours 1%L i L it
hetwdl pomp-tours per year L1} 1,143 1,480
hrmunl preduttion in o i %, GO0 573,000 1, L B0, Q0

Raintensncs = &ny artltieldl nourivhed hesch will auffer fonn of material, ThLa
valdag the syenilion af bow te dvcresin Inng of artilicially nourished caterfal. Thla
e nceompllobad by wirudinras, It 10 genarally accepted CRar groine are ahie to

, @

&1nw down longabors drift but lonn

parcicularly on shores with steep offehace profiles.

COASTAL CNGINECRING ‘

by tranpverinl drile i1 probakty far pore severe,
Addition of atareparcnilel Sraak=

watsrs bt the extreoe end making ¢ "T=grein” ar "sini pachat beach™ {5 am iFpravesqae
Whieh has been wsed wivh sucowsd w.g. o Deerfiald Meach, Fla, (Flace 3 Fizw, 66 and

£9) gn Lidp Key, Tla., an Hilton Head [alarnd, 3.8, rtc.

dlruction of an "affshote wil1"/
beachey and on Singer Laland, Fla,

Anathey gnlutiza L the gan=
Sach slila havwe beenm wied r.q3. a0 1:=0 of 1he Chizaga
i Ly in Inek some Riod of an offsrare Eredi.dtar,

The dilference is that vhile offahore breabwacerd are Suilt in sirghe gectione wills
are continous training walls providicg an offuat or nedp in thre batcen profile.

Laoking at the ewperience svalilabl

v in Florida, ik may e sxld thue cany skarer in

Flocida are slresdy procecced oy soce alnd of affvhore brasuwsbier in the fors of gty

limeacone, Coquine, and brach rochk

rarln, which ere found slong o yo2d part of 1*e 5.

Ev coast af well a3 pace of ahe lowae Culf coant. Tr 13 4 kmown fa2f tcat detaricTa=
tiwn of seemg of toe pffshora roelw had coudtd I{ncrewnad eranian (9-x. #v Jusicer s~
lard, Fla., Atlantic Coart snd on Caney Koy, Fla,, lover Gulf Coantd. “adel experi-
WAALS catcind out ab the Universicy of Floeldse Ln 1945 deconatrated che akility of rhe
#ill {rest} oo cabe 2 step in che bottom but Jloo fevesloed Ehe vreour predlec, pacti-
cularely inside the wall. It Ls, howevar, quite swvidont ethac the p2Zrtare bulitesd ==
trainlng wall has had & benaflcial affwce an the proflle. The result, ceedloss 1w ar,
in quantitacive, but cocpared to ILeld avparlonce It indicates the rrend corrrectly.

A wacy special type of “offahore traiming wall™ ke been buile ac Durtan, Scuwth Afpica.
It convince C1972) af an slwaee 3 wo (1 wiles) lorg offihore deposit of 5 millien =3
of wand placed in 1965-197F on 17-J8 n depch, crown slevation st approzizacely 7,5 =
balow M.5.L., meuiran vaver ab. & Daterd el 23 brovzihe up o fate br private como.
with Hr. J.A. Iwanbarn). This “well™ &t breskwater hasa 10 far been cesarkably atakla
alehough bt fluctuates sllghtly, the wprer developing genther vlape Auring blettd amd
siacpar slopen duting fafz weacther (avell) conditions. Lostes have bren small e=d ety
breskvater had causaed conniderabin dectanee of weva mctlon during srores, benefiting
tha beaches, !

Conslderlng the coastal gaomorpholagicel sida of the probleno,nakurs hes astablistad .
largse pacher beaches (Tlacw 4, Fig, 18).  Ieproveents of matucsl condicions eay b

Jurferpaken cevleg sdvantage of nagural hesdlandy and embierding thea by bregvwiter -

4ddltians. Such pockat beschas hive baen wncablished ac geveral places, e.g. oo zhe
Yeneauelan shoren o0 Lon Corscoe and ac the Sheratom=Hacuto Hotal. Fockets cay ales
Ev eovabliished by scochpiling af wasd om che beach at Inceevale.  TRis 4ill undzohoes=
1y causa some (remporary) 3lov down ¢! Longahors drift craacing » fressccary) Leesica

srasish problen.  More materdal will prowakly we Lost offahora howrser.

', L NONUCTURES . -
Cith corpect ko Strucbures = whathat grofne, offshare breshwarers or saavalis icaladlzg
reversencs - {r may be yrprcCed that prefob. slenangn w[10 caka ower to & atill i+
ctraning cxtent. The starerpacallel structurer wiil be m the Tead tecayre ther fal-
T11) requicenents of comaideration te wdjoining propecty. recrescionsl resds aed aengs
brtlen better chan shace-perpandiculac strvetures. Lnere che Lavger age Suile trey
are moat likely pawded For spacisl “intecloching purpases™ wy “pocket”™ or Tperebes™
banchen. Hast scruceuces will probadly alther be oaasrproduced in wlecrots a3 Jargs
#u practical“or newded = or sans-produged (n sherty of various carerisls esey to FHissia
ank place. This trend o slveady evidene. & wlaping awa wvall s, ray B2 splir o fa
the folloulng unitst prefab, tos prececcion, povfob. wacorann, prefud. armar, peedat,
vave sceenn and prefab. everslash proveccien, tetalling Eive "umits™. Groinw ooy tr
axce up of prefab. stom elements + povalbly & T-head which could aluz be af prafah.
wlemanka. f

BErpassicg of material » Sypaering of Tlccorsl dvife ar tidal and prher eptrendes cans
mel be caneiderad Tartilicial nourletoent™. Lo la & ve-sstablivient of oxtural pra- )
censen which werw dinturbad dun to wan's sgvarss incesforance. This cay ba a-zocpilad-
i by "bypanaing piania™ ar ky "bypasslng arrangemants® (3%, &0, &3, &5, $K).
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Tubls 18, l;nd By-piaaing Status im the Unieed Seatar

Cacatlon 1970=1%71

hakrre “Iu'l.br‘th Flu,

Iy=pasming preangemanl Sratys,

Ry ahoal drewdping Femvanent tronsler from bay

' whool Lrap supgrited
Traenafer Trom toap kehind op=
deilt Jetty cantected brean=
WatET mupgErbied
Tinwd plant 1a ¢ coantrucimi(l]

Bora Ratpn, Fis. Trap [n entrance

Predplng ol channel
Trap bxhird bredhvaler

Camaversd Harkar, Fln.
Channel Telamdy Warber,
€alif. -
Lant Fanw, FLa.
Flre Erlgnd, L.1., MY,

Oparstionasl

Wrie letey coopleted

Wag hean ttudiedfoodrel acady
am Lrap acramp+SenL

Ker beea aiwdiedfauggracnd
Ln speration since 1351

Beprasned velr ard Lrap
transler [xrm bay 1hesld

Ft. Tlargs, Fla.
MLLIsWttw, Fla.
::“"" Corpes Ehrbati, Sldvcascing In speraticon
Juplesr, rla. Tranafar Srem bay shmal - Dl'r'l';llt‘ welr snd srapfpro-
' pRAT

Manonbite, B¢, Bapraused velr urad tENp Operation 3 yrare
marilekes Jalat, Lo0. W.F.Flzad plant propoued By=-puid af Jecticn to b we-
tanded authorireed
Occashonal trancier {roo
scean shoals -
Evcirtulatinn by crap at lowver
#rd of {mlils rearh baing oydled
Wy-pata from trap lnaide
tewinlon plmnned
Weir jetoy completed
Almeat completad .
Tranefer from ahosle In 3ceaz
ppd SALTANCE dugpanced [melal)
Tranefer Trom trap tehing wp-
drifc braahwater
Camtbcuction recomeriad
Extrnnlon #f weipr jetiy, rcn=
atewctlen ol caar jetty and
. deLached Wreshoater purhorizsel

Farwanrnt 1ramaler [ros bhay

ahpal trap suzpraied
Omdatermimed or belng wtndied Byvpavs of Jetries oo bo wx-

.- ’ trraded suthariasd

F. Lave areh, Fls. Flerl plunt L Bev jettisn and pusp in 1960
I‘:::_L;:::I";m:' Flesd glont Bperatlansl 1972
Tirginle Beach, ¥a.
{Budia Inlan)

Tramifer Irom hay shasls
Depienncd vele and Crap

Tay ard dcean ahasl dredgping

Fean, Fla, Ocnan shoal dredging

Mywpart, Calll. Underarnined &r Seling atwlied

Trap imalds wpdrllfc Jatey
Fieed plane '
Dradging of ehannal .
Depresned wolc wnd Crap
Ocean ahoal dredgping

Ogeam Benen, Eniil.
Frelm Bbeegh, Flu,
Fardido Faan, Ala.
Fercd BaLean, Fla.
Port Cvargladaa, Fla,
Fort Bwanwea, Colif, Trap wehind updelfe Jerty
I Lucis, Tis.

Badhla Baphara, Callly”

Deprensad welr and Lrap
Tranafer from shoal fwolés
wpde LEe berabvatar

fabantinn, Fla. Bay shoal dredgiog

Fized plant Revision planned; being srudied

Tawin Lk ghowp the scatun of by-racning procedures dn che Unleed Stacer 1970-1021.
It way ba obparved that the [lewibie arrsngeoentd;: dredging from cvepr behind do-
proesyed woire ar devachad breshwaters or other trape now are o the lead cozpared o
fluad or movable plants on jettied or tresrlen.
dre Found In Durban, Sauch Africa (stopped in L93]] and at Faradip, State of Oriens,
Way of penwged, Indla. A& weal)l wovable plant oounted an & trescls vhich oy by clored -
or aprapd for panvage of Erif1 by "vhuriere” or “pendles” ip found ax Hagipaisn, Scate
of Radrag, Inkis. The jreey [a defx spen during the wonsoon prricd.

Plete 10, Fig. 3%, oo schmmarleally vacious Wy-yesslog plance drd arrangeaants.
Hpdraulle “pife procvdurus™ (43) ars waiog consldetwd Lo & Lo placen (U.5.A., Indiaz,
Pammark),
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DATA REELED FOA DESIGH
The dats needed For desipm, noedless o way, depends upon what one lorende e dedigps.
It You avw "sebearafic” you may pake yp 2 Senu-cord with 57 coutves or o and ztare
eating ghe appeelercn withour ageoeplishirg say wvack of acpunl lzprovemente. 17 you

"hrr "geer=pragticel™ ard Maver=wnpecienced” you way wind up wieh a3 quick Sudgemeng

with sceompanying 362 charge ol fallure. Table 15 sumnarines whar, in thr oplrizz 2!
Ehe wyghoe, is mdgesdary ta tecure inforoation necded For a dound avelustinn and fesipa.
With ranpect to artificlal nourithudne Teferance is made to the pracesdlng snction.

Table 15, Baalc Data Meetad far Orilgn of Coaatal Provectian
Benchesy

Sttusentus

Adequare cida dute {pel, dugs on storm -
tides Coemvingleally snd hindczsred), . -

deguace waww dots Intl. daka on rrtreas
reomn (statlopieally and hindcanted). T

Current Jate (o the eatent needed far tha

poreleular locacion, Lesgshare apd

Eranpvereal currencs are reloaced on cidew,

wirds, Woiitm topegraphy, dlachargas from *
civers, thdal Emleys are,

Frafiie duta Lnel. long vange ard shoce
canke {pesroral) oovenants of profllsn
and sharalinas neroally oo b0 et léast
0 fe depeh,  Knowledpe about undulstions
ol shorailne and changas in bar JHOTALEY .

Fralfile daeca intl. long rarge amd atark

tange (sxsconal) wovenrats al preflles

ard ahorelinds cdrmally up te at lenik

M fr depth. Erawledpe stour urntulazizen .
of shorelloma and chengen in bar gecmaity.

Craio wizw analyses of sand [rom beach

Crain aite analyses of beach and affeture
and pegrshora cftshara battioa.

bottoo evcending ta mlo. depth af seresral
and jar long range fluccvarions. Yeaweal

a- - Ve ' Cluccuations af grain characeerioeics. | -
Drtailed Irvesclpacions of borrow ol:

. paceriala based on cars ammplirg. Trazicgy
HI e ..o profecably by flubresgent Cracers #d=az-
tagéomt Jor avalusntion af srabilicy o2
 future cainrenangk,

Somt pay claim chat, tha superinnced desizner nevde less dets rhan the Lp-axprric-cad.
Fracticn, hovewer, of irn pandt (o desanstrate che oppodtice becapsr LAe yaseria-sed T
FECROE 30 morw dwire #f tha dalficultien ard he 34 therefoce rere coreful wltn Sis
Pleanlog. it is alew roperience chat sdvocacara af patented “super corkied™ derizes,

Tig+ withia the Branch of parmeabie graint, uzvally need Lltele or s dats ar 2l

The dyaigeee’s Tarperionca™ in bazed on "Faith™ or-on “jusr businens™, Caxpugently -

: ther can aleg we preud of heving cthe absoiutw record ol abaolute failures.

FLARRING. lb:‘ll?-'fi‘.l‘.'..l.TI‘fE ASPECTE

With veupert vo plarning of coistal protacCive ceazurer even the bent “phllarz:iy™ ass

predesnionnl {techmleat) approsch will oot work wnless the ad=ainletcatlen ant 7ziit.cal
diptcry #re planned an wall. In che Lniced Staces navieral Tuderal, $T4L4, toiaty or

etter public body | requested may grant specille Cavours in sceatdancs with =.lud azz
lawn tut suppert hy local groups is wery cazential aml fay be onined threaph ern?idesza

tnd degabled sxpasuce of the progeam. The cesponkibility of develnping plast that Ta-
concils conlticting derands i the respomribilicy of all lyvals of goverr=enz- Mlitegy

<, Piecndpg evitecis eust Be oriantafed rLovardd the pultipla-—uie concepr Laned 83 Lioi

deslren, it curt aled consider Stace wnd MNocional necdy, The State (prowinge of S2LATE)
should hive = and pemr actually have = & single ageney wich the adminbstrative azd
Lechalenl abliity, Cinsncial revuyrces, and enforcecent smtharbty to requlace 2te17al
Proteciive Sdasuted end provide raoperstive foppart te balp blend local Imtays,zp wvita
the Seata ingarwsts. 14 can slus mupply socs weperilse amd Cilas of basle Cata. A=t

wof Jessr bt ahowld nupport with Cunda. : "

Wicth resptct to publie adaimlverativa concrol wlch cosstnd protackive srrocrares [t
Phould al  ya he #m abaoluce Faguiremesr thal wvhsr da whivre 5 pesiliva reinly
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[or yourgelf ademld st be mllowed 8 have wny adverne eflecr upom propecty belonning
\* wtherg.  Tr in grarcally aceirted phat pne dhould nor derrive Anysnr of the weler

which Ilove e Ris property By shich he wpto™ e Wi livies eon. BY tarziag or B¢ inles=

ir¥: Xclether ghould anyene oot toddd or arcesies over 3omebody elaw’s property. | Why
whould {g chen #var be permitred t0 rod your nriphhour of Nid shdbe proporey by in-
greaning patura’y fercrs o0 his 6lare or by deereasiog tha [low wf Lesch macerialy ke
W Bly prwperp? Tieer are eevennfal $3r eapntaonitg it - just 2% iSrortant as walet 43
* Tar [arcing tha lard. Nciither tPould ambody br porciateed T0 vepdrd che puklic dcrese
fead tonicituled by Lhd public ocexnm am Lhr £nst of any nelghtour nr shace preprity
*evntr, ke J prowlfae thal for 0 lang pegiad of cire Lhe post sivpie apalagles in -
rpuabl e ag=iristratiom wvere mot reeopnised.,  THe frasos wap probably peomfold:  fitae
the vrchunien of the »afber were not underdencd and, next, public agencicn were efien
peaponkibie fdar cthe sreevn nade eithee wy Jirect sporsecship of 8¢ (Pl=ggvipnd prruce
, tNEF B by parsibs gronte] to Bfdel Lthe ltrur't'u'rf. Tha connrquilce wis chat "face
P ARvingdT and other TPurtAufralie Teavgne™ of gAn became 04 iwpRrbynt than recogaltian
Poul Paciw. The peculler dltusbion therelare £vwelnped that i wa® tha eourts who vety
" lareed te Leok Inte wach problesy betowie & f0y individudin were hardhraded and viafthy
arsugh pot 10 bend Etheit hech for cereeln shertee=lnpe of fublic s2-imintraticm,
Orn ol the eadur pravlens far pregoedy in coancal proteciisn, Faveerr, is thar Lunda
for plannlry bavy bren illficulr 0 gbtadn = of ver= lats 1 comarg . Mest coangal
wtaten dp eha B k. vell1 Fave cOC providel sdecuate sgaerelen sed funding and tin
lack wl paordination and plennicg 20 ¢oasral proceciive zoapuree has riduslly be:rra
& had ioral problen, The Fedrral Coverrmment han caben #n active = bap aelll dneuflici-
#ally lunded = fnterest, The poat diffienlc Taeh, howvever, sowad 18 Lir on _[he logal
sgovarmdnt and growp levrl Srcauin tha de=szratiz cyaten doad AL givpcate the kind al
dhapiptinag shizh 40 » necesnity in 51l warisre Inglueding 1he tough [igkt Jowinat The
ora. Fraceicen bn Gurops sard in Che Lnlted Seataw differ o 10me gurent dus to dif-
Bavanesd Lp tha pollvleal and ausinivgragivs sacewrn.  In Inrups, patrticularly in tha
low cowntrirw wid b tha roualrien Tirmisg flhe Xordh Ses, peoklenr orm wfLan fully
. setinera). Contritstlons by Iocal governasais or prowps are eis0T ar mo3 sadating Bt
l,.t'llr wry hardla 13¢ probleas parily vy wvholy an Less cupaynd rharty.

£ Tem dvaands o Caspral Tratrcifon wre Lleved in Table 3. They ave an sericr end du-
pandIng an thona Jdwtnd in Crutwroaony. But LT wa €0 nat ebey theo ve ray woon reed
a wmber of “hdans Bridpre” lar epcapy = Syrause noehicg cam $18p Lhe forcen By Lider,
wivrdl Bpd currents.  kin: Cargts of Deemerk and Zrglend placad hia royal throne oo Cha
Snnch bur Lhe wivrd waslord over hiv faey, We withdrav., Flaxibia fefemce costs Iran
ard geat)y Lt §n ghx mout duccrrifol and Lt Soss not probhible sgamd-wy pnnti.un: wha b

el
_'[-I'Il' 18, The Tem Brraeds fet Cnasta) frocection
« 1) Teww shale leve thy abore ard besch
1) Treuw ahalt yrolect [t paintl the aviiv af srosien
31 Thou ahalr pracecs A0 wisely yea, werddy ond work with nature
4Y Thay #luly aveid thel nalure Lugns Jom Full fortar pelnnt ye
. L Twaru shalt plun carefully fn._chy owm imtwravt. and o the Entarest of thind
) neiphbout
&) Thoy whalt Lovr thy nelphbout®s keach 33 thow Tovest thy ova beach
1) Thow shalt mor steal Lhy neighboyr®s propercy, neither shall 1hou caurse da-

f rege to hla praperiy By thy own prateciien

B} Yo shalt d# Lhy plannicg L0 cwoprrac loa wich chy nelahbour and by thalre 4o LIE
. fn cnsperatlon with hin reigh®owr ard thun Corth amd 1iws forch. 5o ba iX

) Thay shalr saintein what thou sy byile wp

18} Twou shalt phow fptpleencts For tle slem of the past and covey chem wp In taned

Aehmaulpdrerment » The suthot wanl4 [0 gupress Bip spprécistian for che apnintance wi-
[ m In praparacisn ol the hiveogie svcelonn of this puper kY calleaguen in the
Rovhavisndy, Mr. J.F. Agoen, Chial Engiawsr, Rijhavaterataat, H¢. T. Cdelzan, Chiaf,
Conbtal Bugesfch Daparimant, Rijhawstgcarant amd Hr. J. BaLttjwn, Rgpvireh Englneac,
Beblt Yeivaraley of Techamlogy #nd inKnglarl Wy Kr. 3.1, Exveaw, Regustch Enpinesr, -
Wen Rpdramlle Capevimant Scation lo Calllnglend.
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: L C6 . COASTAL ENGINLERING .

S rLAIr 10 NOTLS O BUKES A0 DIELS

r ’ - " . 1 The dune i9 & natural dike which war creacel by wird=higwn mand and wad povnibly

. yepthatud by pature, van'n eounterpatt Le the rvatural dune in Lhe artificial dune er
dibe. Thr diflerence teteran dupe anl £ite Lirs aolely in the fact thet tha dune viaal+
1y has land higher Lhan nes level behied fr, while che duhe may peotecs iow Lyieg lacsd
which would cthecvise be §lomled. .

Buntd ary alvays bublt of nand, wsing mechanical enquipment Tibe dragfaires, SCriprrs,
hydravlic pompy #1e.  Tor sxprriénce on the Rerth Sra Coset bn that anp owcer nlope of
1 jn 7 ard an irner sleps of 1 in 3 is practical £2%3. Thr width ard elevacion of che
crovn drpends upan Ene actual sepoaurk and upen The pipected combined tide and vove .
wlevaclann. Dunes, hourwwi, may alss be arected with the sssidtance af vind and tand
[encen (278, JO). See Plate 5, Fig. 2%,

They way Wt procected by dune vegeraion at wirlous kirds [7&, 31, 31, 12, 13)., Foir
Loamgn are dprciex af Armephita - (arraarils or breviguista, che latter called hrezicax
Erach £rass in the U.5.4.). PFlancing mechined Fave been dpeplaped. Ser Flatre 3, Fig-
73 [(29) and tonsiderabis cosrarch had bern wndertsken on fercilizetion wtc. (11).

2 The dinn 68 by ity nscure 2 more aolid design beesuse lvd tonkn and sbligacions arw
rort tevare. The modsrn dike is » Tesult of almost 1.000 yvars developrent. Plars 5, .
Fig- 11 (&1} it 1 comparisen of older amd rodern dike profilan on che Cezsan pirt et
Kard Frianlerd. Tne oldwsr dike buillb absut 1.000 A.0. had # vidrh af 1.00 w und 3ramy
ploprr.  15e 1967 dike wan higher, had gentler dlapes ard 2 uidi® of about 0 B. Io
somt whlnprable areas "ees Eyaes” and Twithdrevn dyres” hard been builtl pardllel (o

. . — S Fly. 0, Weleprdlbla Srmbiy Bardusici. 3074% sach siher bo provide sateiy Spainet Wreswpheomghs of che wew dike {25).
oy i P Y XA i -pw.:,r’.‘#,...— . e ow - Dike dedipn and conacruction has developrd im vatious dlrectlions in dccerdance wlib
C * CoL, Tt A . . mctual needn. Plate 5, Tig, 27 shews warlous erocs sectionn o] Fulfiflng speclliic
: - [ o . iy p e ! requirements, Flate b whows scanples of Turd pavezence dascribed in & greer nusber of
B I LT gairms :
' A , T T N [ U et et i1, o i publicagions (11, 1&, 3, 40, &1).
HEI, H . _r-:_ﬂ'--.__-.u-' e ek 1, . )
B . .-'.‘;._*--_ - * T ] 3 poprw fype af dike protectisn consises of wirfous kinds of syntheric magerfaly jmel. -
N L T LY e e T 4 b pelyptopyiane ani nyien SaRTicE used a5 rrplorecent for villew and ocher tpped of
¥ LA i et - _1 y = ) -mattreddts vhich are much heavier and €4J2lcule to bandie, Ora af Chr best deach Q4
e Rt gt e e P o e et :.5'" - s o-the Detch-Geomen “Ses Carpet™,. Flare B, Fig, )0 de=cnunraten an applicatian in o=
ma s o e ,f:""':: Il o TR B A "u clamaglon vork st Eurspepeet, Secherlands. This carpec in 2 corbiration of netaral
Br T eet L ey 4-}'-'}“.1-,'.'-.': n . ] i P PP SELL Wt tiiveed ard woven polyprepylens Eabric which han o teneile atrangrh of 2 to 10 mreric
oot L ! [ i RN . - kT A . e wa . : H oy
el AT . . o ! O tond prr meter. bt is cleimed that dr is weallrcted B wat conditions ard Lu waty
El..l.n-:ﬂunqv i b Sl Tt e R MO, T, t-l" pil R R T LT durdbln, remaining stable sgainag chevical and becceriological influencan, An ad=-
c WhE ML RIVITAEIS] mbabianeent by drsnsreprr em dmpbiss  Fiy. T, belide . dicive incorperated inte the polypropylend gives ic high resiitince o wletta=vinler
2, Inlad, ;u: T ,......"'.THII:.!: I::'E:L'f cayr. Ivw specilic gravity'of 0.9 cratlan it o flost, while ice lantirg filrericg
' . i . t:::luﬂﬁ (gt ded Birs mp prapefiied paTmil (he swalef, TUD FOT LAE pafml, LE paik CRFODUEN. i0r tewdd duv.dl 1B
Prp———— = - . . _ the Filtebing actisn of tle f43ric and Incraass boujancy epatlling it rp e 13wed m£
S may g Ty ot il SRR the tlre and protect the abric against danage frox sione ured to sion the cerpet ard
e~ Jiok - P ALl : ]
A L . . . - ' weep bt kp position when Jr in ured s0 & makiresr. Net all aynchetic fabrice or in=-
o ___"; —— o _.ptrnesble sheets ofler sdwquare protection againec uwlrrawviolet light ard genrrslly
T - T upedning enperiencen ate best when the aherbs wre nar dublesied ta Light but covered
Cedwjlh aLdar macerfials. -
—_— - .-_,'-1 Far turther inferearlon on various comvareleily avallable bronds in the Lnfted States
_ and #n Dutapr the teader 9 rafecred vo acticled ja Froc. of the recent Lasalai Ia-
m girvecing Sonferencas [Jopan, 1966, London, THE, Usshlpgren, L970F and to cormerciai-
. - Iy svailla®le coraloguen. - - ’
-
WOTES ON STA WALLS

1 Kawre run-wp = An Lrportant Jesign parareter for sea walle srd revereent [0 the wave
ranup =nich fependt ypos aprctral chacacterintics. According ro Batcjrs{)l} *rplicit
gapresaiens 1or che ren-up #an & soooch slepe are obtained fwe wives of which the

. {i . I . heighis end pariods squared have s bavasiate Raleigh disrribulion. For Ineeher infor=
[ Ml l 1) marimn (e rénder in relerred o exfa. (1L, 3% and 453 amd 10 scveral papers om this
1 “ 11 ae 7MY tepit I% the Prac. fiom Lhe 1Lth Cont. om Cosstal Empinvering, London, 1346, parc 1.0
] 1m:.. ]l " _'ii Furthermusa the Proc. fres che 10th, 11tk and ehe 12ch Conf. en Coseral Enginuercing
PR Y 1 :.:; include & gerat mumber of papers on wave fercus s 4}l kinds ol cosstal Btructurss,
j: :fi{ I: "i: ! fimmd an will am floating. ) ' -
N Sl L L - . ‘
' R |h: b - -
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Fog. B3, ir ok Dpan s by 800 eieadd ] Bremm— | . b - . '
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¥ Thelueoir proklen in Proat of sed walle i1 {mpartant and hay 4o bre compidered. vave
. TLEHE b the zoet wignillcant wariable to the dopth of afeur L% and 1Y, Obher ics
pordanl para-etern sre the position of che wall in the pemiile, the brach sieps, the
ware lengihy choracterintive of beach maverinl (&1) and Iropshers rurcear velaghrie:.
Ab Lhr beach dlape Flagtont, pcour decevased. Seour decrsancd aa ¢he anple of ineli=
. pdtlon of 1he vall deercanca, “hich {rdicates tRH3E xeour Jerreinar with Mrifeadys af
wallezeler, Lach fane Las Lo b convidered sopirately. Motof glwdies will Be opfe o2
give yualicatfew inlotmstion on the velatiwe magnicuds of sedur, & 30 to 20 (L' scour
t'l“]rutﬂtin‘n L migally Aecepinry,

'
FMste & ard T - Orginarr Jenien criverls tor o reverrent call foc sullicient wright of

"1 klasi,

$ Flate % and b

Ei"ll_lﬂclﬂtnn Irherlnguing s30ect ta wifantdwl the comhlnet effeer of hvdrotrnanic

wplift proevsuras Jye to wave beeabing, duwn-rguh and bydeonlathe preoure whicl fath
savnr uplifs, Kermally s Filter layee ia placed parely (v ke ah even slape ard parti-
Ly tw drain waner, which will lnevitakly peéneiratr throuph Fhe joints ketwvesn trs

Thle needlent (o sav, requires & penper “Filier catia” betwden bhloch layer
andd Tilter racwrbel. IF the Tlicer materlat iy too emalh iL may dinappaar cat Lhraggh
tht ' Julnes of tha Wlncke amd §F br Lo ves Duige chin may [nervass hylroirmecic and
brdrostat i prevsures sith sdvaces afEorte on niabilicy. Brain holes may then replaer
tha apece brivern blecha,

¥

Slepe shomld nor hs sreenee chin the corr matefizl hue » alable 1lope Lo fully wafurags
W eendition apavt perhaps Trom che wppereasl lesd srpesod decciom ol the tevei=rmy
when = b3 pravtd by raperinents = they weipht of blocks i wearful Ior aquecrine blocks
In tha Iover part of L slore tagetter. Fill macerisl sunt B¢ well rompacoed o oury-
mlexr wettdings. toamples of falluces v.0. In Lollerd »nd Flaride cun aften e treted
boeh te fradequate compaction #.g. cayaed hy negligence Jduring conmstructian. Fevel=
mants af Blochs ave Az uied In Hollamd whers wvive dction sngevds 10 fr.  §n Uleride
ths bimit may We axt & 1ltile lover duw to the predomirsars of sard 1111 sl Deon ox-
periemer kn buildieg noch walds, vhich yrquiees g vorktanakhip amd In addicion en an-
peard aleres » pretrciive aptom anffor rach ln Froar {33, &0). '

Resrarsh o pevetmeact far reservelre corried sut in the T.5.5.0, {43), haw peoven
thist the stabllity of 3 reveiment way %¢ Inproved by redocing thlchness of er elirinaze
frg tha Liletar Yayer ravirely. The fleaibillyy of che armar laper and che parasicy +f
Iha undetlring voll sre lmporcent pacsmsters. .

" Regerding denlgn primclpies for eubhls wownd liiltlfnll:llttffintf (n madw & & papes
by Jetanmedren and Braun {51}, )

& Flana ¥, Fic. ¥ = Ter “davriopleg countries™ have poneeines boen wiaer than ths
Tar hpﬂ cwantrlre™. Ar an snample che Imdian acandard wtwna=pitchrd roch ceuml

wied #uirmrively for ara wedls mopgdicwder?s o1 =x=y plocss

sharg whr IU TETate
ol Eerala) in am angollienr topeple of Tong dimt scpivience adepivd 14 "wbat vy Sewr
ard vt wr can da with availavle eewla™.  Fo i acariling ¢4 avn cha similarity in
sevaral Ewspacts bervaan old Dulch amd old Irediam enperfence,

Auphialy snd blewsous produets base been werd consfderably for breab-

rndald dml pavetoents wnder wall to wederdid wave ackion [J6).  In omevearal caien
mabmlensnes hay peetenied dpne problemg aod in come Tespecie the applicatlon of sapatc
Lo #tl1] Lm im saparimentsl acaga.

_ KOTLS OF GAOINS

Lawwgt arad seomwtry = The geacral eaperlemece Lo that groins shoyld be baill perpand =
twidr 4o shore although sora Laborstory saperioents vay bave Teveslad thae sfficiemy
irerrnocr 8 JEEAT® by Lurming thes dowsrilc a.p. o710 desrern m caer saven aprroact
the brarh upder 1O degreva,  Lengthfeprce rotlo may wary according te iittersl drife
qapacley ard waposucs Tram Lol to Yck, Surramlining doundeilt i oftem advantagecun
(6 aw 1O degraes tapuricg offy, - ' - '

] Yor denlpn of 3 grein pragecelen ales deperd e apon the beach metarbal as woll o9 the

saberial svailable Far graptreccion. Valess wtach macecial | cmaras [pebkle upr 1o
iningle) = sipewnllsned dralen in praferable and the optinal deslpw uniowbicile iy thy
wnr vieleh In 1iresnlined and wnargr-absorbing at Lhe pame time. Thr Dutch prrine .
(FLakn X amd B) wibh thoir wide stoms picewumg fwlfil swch regulsrementn,  The wercles:
Faaen shagn plin wr hing plie graine do smit, bt their [onciion may b prestly ixproval

0

an. Shote snf fgach, Ock. 1¥LE).

7o whieh may %o saperatvd fcom bha'wpper layer by 3 shaat of

COASTAL ERGINLRRING ‘

by wdding Toughnres on -:'hci.r. siden, :.g.:in the farw of cubbly wrumds. -

fne rule aheald alvayn be obeyrd: 1§ proina are nansdjuttable Lrey ihqlrtﬂ: t-tl:utnr
L L , S -

The brasl w110 be Acurssled eonthngouly, If graing are hirh tnes tory 4 1

dratiable LWpe M=) br punt aljusled to the atLlnd] beacn grofiie, ERab means breg

u;,::l-p Thould ToLiow its wovcmant, Their furctlon in te decredss beich [luctuationd,

not t9 hlmdee thes. -

Y the eftlcienew of and dittangs berwarn Lroins may be increased ¥y adéing 4 ﬂv;_ft- “
paralisl hrrawwvater ar chy #zETere paking & T or b-thaped peocerrey {Flacs ". iis. :
wnd 473, Thly apprary to be & definice ll‘unl.'ﬂrl.! on 10éxcp shored but callt l.n:r::: -
Scour way diveliop 40 the breshwarer emdy il graint anpesd to <eplh vhan wavr acl
is vars wiglent, N .

hava baen trafed in Dercark, Molland ared
Ceneraily spraking, eaperience fin heen
ta pnbobele and have To be prorecind

% Sard f{10ed tubes pf $ynchelie miverials
Cernany, Diarrter oay be from 17 to B'.
gacher pathetaceory buc the tubes tra enposed

agiiper ultra—violec Light ¥y spEcisl trescoaal, . L
% Pleaws da nat uie proins anless they sve adturslly or artliicially supplied with ada-

wuate quanciiies of sand Eill. . -

SOTES O8 OFFSRORE ARLARVATERS
1 Soue affahare breskvacert dre shore-concgted and gone Sre rot. Tlll! 1. fi:: LT ] !1'?:
Monscsd 11 A0 ruadple of tha (utter. cany Scuthers Luropran [lzalian ing innuh]_nl
shora breshwatwcn d7é not shofe-connected. Ralw, w7, M, 5:_! and M_-.luu on dexipn
princlplen and practical deaign and construction. Raf. 51 e & coview vl Lha nn.w.lr
for tailures of tubble eound breakvarers,

o = tubnerged ville and rrainfog walls ate asntioned in l:hv! .-4E?
i : Le appecty o[ rhe Tuaccian o
T. Wel. 31 i5 8 couptehenilve paper on wiva wachin i : )
::;nnit preshvaters. Se—t patented drvices sra 4132 oo hard. They 11 Baww ic 2r3
mon rha fatl thae chry suffer fepw tcour probless, sml they should neved e placed i

, the Breshing roos of vhers langehofe furcents sre atrong, . i}

3 The subeerped 4nnd bresbwnter bullt 4T Durbanm, Lourh dirlca, centianed la the cain
PLPET. % AR iNLAFCEEing inventisn which qo tar hay beer suguut_’uj. uulal‘ iLE :.:n:
sdvantages {o that should it Tadl a5 2 bredkwater itn matecial will Tunction as arsi
Ficinl nouriphmane. This 4xperciment therelcrs advecates plfihars dusping of sand

_ materisl ba coertaio cesan. :

& Varlous labsratory and Plald teats have beem gun with » wpecial trps [ |annfu|:
protectlon, maonly, srrificisl peeweed; bur the nm.!hf a"_:.nc?nﬂu-lh':._llrt_t:ni.;? it
appunte thal JL may vara oW T T et LR LR L P ELE T EE L L ek ek el

F 4 'Eub.'-!lrr.iﬂ breaiwater

KOTES OH AATIFIC1AL KOURISHMENT . o
1 Suicable wand = Ir shenld glwsyn bo remevbersd fhit not sll n.u_eru]* Tor irt:.l:’tcul
- PoeT TWGEnt mawds Lo b4 soitable xo heach materisl.  In c.uu‘unr-n I;uvr qrnu:: !';:_1_
) lei 1 wantities for replacesen, the lower layers nay :
takan plica, requlring lacga 4 e ntherie matrriol, .

7 ’ bt Wit
T ¥eavy sand = Terin hava besn rum vith hesvy sand. 'I;..lh-:_|nu_rr;r THske nnflr-'u 1 -
auility Wk cha guaniiiies arednl Aabis practical applicerion bighly qu_uuru'-ll AT

fram encivenl avead of limlead size. . ..
T aF _- . N -
. LS . - —— -
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- . : | '
- [ -
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{ CROIN%
. Eefarance li pade 1o YAn Anncested Ribswrraphy™ by Jol. Falsillic and RO, [rune,
.H"tllll'ﬂl‘ﬁﬂl Taper Lo, 1=12, Apcil 1972, Ly the U5, amy Corpa of Exginevre, vaplal
- luinurh-l Reavareh Uenter with tomprehotsive revifu nf 311 sppretd TecimInins thn
grelng, their funciion detlign whd the faperience gnined vp to dace, Thin pullicacinen
wit dbalributed a0 Lhe Vgrnesgwer Confacence. Kelafoenewn are cherefore lele Sut In chis
paper dus e spack livigagjonn, .

& "Greyner-Doracentet{sn” han been publlahed by Rijuavacerncanc-TUirrct {e Waberbujp-
Jmudleg on Varesbrweging, afdellng Kustemlectoeh, Negherlandn, 1968,

1 N
LA aberTaece o Papers, Vancouver Confetence, Paprerp I-78 to T-70.

! -

. PREALVATERS TOR COASTAL FROTCCTION
49 Calwin, Cyrl1, "dreaker Travel and Choice of Pedign Vawe Holight™, ASCE, Jourmsl of
_“i _I.'ﬂﬂl-'lr- snd Harbogy Divlsion, Yol. 95, W7, 1949, pp. 105-100.

3 Mudeom, B.Y., “Lebocatory Ioventigarions of Exbhle Hewnd Bruakwvaters™, Tiapoe. ASCE,
1941, wolb. 126, Fure I¥,

| :Jﬂuln"lw. Falni uﬂ‘ Froma, Fo, “Npdroul it Ferfarmance al Fubhla P Exeuk=
wetifs. Beanans Sor Faljure®™, Teee. of the Firee Ladernotiona]l Sonferente on Fory ord
v Drwan Lnglinecring wnder Arcele Condltdionn, Trondheim, aug. 1971, rp. J20-33%,

- 81 falepura, M., Shiraishl, M. med Ssaaki, Y., "Virse Bemplng ECEect of Subnefged 3lla™,
Chapier LT of Proc. of the 1GLh Confersnce oh Casntel Engineering, Tahyo, 1%4E. [Fub-
1dabher AME, Lew Tork.

3} Ferwarant Internacionsl Aweoedatlan of Nawigotion Congrataws, Nrussels, 5I1-Q1,
aes ninat  "Kew Qealgne af Braabwatace with werpleal flden and of Structwesn vith
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The design w'ction of this paper is an shatract of Report No. 7, 197% by the Inatitute of
Poct ene Qeean Engineering, The Norwegian Institute of Technalogy {IPOE). It is writteg in
‘continuation of an artice on *“Common Rensans for Breakdown of Rebble Mound Break-
. waless™ published in this Joumal 1t discussrs details of breakdown, block and blocklaye:r
bydrdynamics, how to imprors existabor Lo damage, the development of damages and
how to describe damnages in practical terma Practical design eriterin, lsboratory procedure
snd data needed [or design are meotioned and finally practical eonstructicn procedures
and equipment to be uweed to build & mound with structural charsctaristica as close na pos-
sible to the one teated in the labortory, -
The conatruction seclion summasizes 3 oumber of practical expesiences on corstruclion
. of rubble mound breakwaters with apecial relerence to conditions In Norway, plrhl:uiaﬂr
! lts northerm “top™.

. BREAEDOWN MECHANICS ARD DEVELOPMENT

Common reasons for breakdown .

The varjety of reasoris for breakdown of rubble mound breakwaters men- -
tioned in the erticle on *'Commeon reasons for damage or breakdown of mound
breakwaters” published in this Journal {Bruun, 1978a) with reference to Fig. 1,
scem to be recognized by practicians as well as researchers. [t is obvious that
most breakdowns have mixed ~— or combined - step-by-step reasons. As an
example "knock-outs™ and “lift-puts’” may follow each other within fractions
of a second or within seconds, both being active in the destruction, The first
“knoek™ shakes the block loose, the second catries it up, It may also happen
~. +~and this would probably be the most common case — that there are many

© waves andjor considerable time between the “'knock™ which shook the block
loose and the fatal "Lift-out™.

0378-3E39781/0000—0000/$02.50 ©)95E Elwevier Scicnlific Publishing Company
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Fii 1. ¥Yarkous reasons for damages to rubble mnun:'l breakwatens. Humberl n:l':r to ln;u;:.
Lions af [u.lm

The deuelopment and rote of damnge depends upon structural charm:teu.stlm_

In any case it should be remembered that 8 dameged breakwater is not identi- .

cal with the initial design. Most likely it has become more prone to continua-
tion of damage even by waves of less adverse character than those which caused
the initial damage, usually the loss of some upper layer armdour blecks which
jumped out of place exposing the second [ayer armour — if any. This second
layer usually has blocks which are somewhat smaller than the upper armour
layer. On slopes which are not too steep the displaced blocks may come to
rest on the part of the slope which is below M.L.\W,, perhaps down to approx-
imately one wave height. The slope may then ncquire kn S-form well known
from old breakwaters {Bruun and Johanneson, 1976} which were “fed”

with blocks mainly in the upper section {above and at M S.L.). Example of
thiz are the breakwaters at Plymouth and Le Havre (Fig. 2) (Priest et al_,
1964). If damnage to the upper section continued during the starm, or due to

lack of repain before the next storm, the breakwater may ultimately be de- -

-

PLrCUTH BREAXWATER 1811 7O 1848

_ Seale 1: 50

- O

Y Scale 1:380

; I -
H ' PROFLE IN 858 , YOS T, :
: 1 - — [ o LI

Fig.2, Ancient breakwaters at Le Havre and Flyraouth, where Sshape developed,
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stroyed, leaving a mound close to M.5.L, see Figs. 22,5. Short-term accumula-
- tion of damage may take place during one storm from hour to hour until late
in the attenuation phase or until the storm has subsided entirely. Before this
‘happens damage may wind up in fatality {Bruun, 197%a). Another situation is
that ¢amage takes place and continues from one storm until the next without
any dramatic conclusion or disaster, The case of tha former particularly refers
to extréme events resulting in major damages which call for immediate action
on repairs to prohibit a rapid and slmost complete breakdown of the break- -
water a5 8 whole. This may happen anyhow, particularly with artificial “steep
. slope™ blocks mounds. The latter case is normal when a rubble moung break-
water gradually wears out by the loss of some blocks by the departure of
blocks, by settling crsinking, toe erosion or by wear of softer materials,
Fgrtupately, this is the normal case. And 1t can be hnndled in time by proper
maintenahce worlu L s S
K . 1 ' .
The stability of an ermour block dep&nds partly upon “the block itself™ an-:i
partly upon “its relation™ to or asaociatlan with its neighbours (Bruun and
Johanneson, 1976). Physically the “block itselt”” means its weight, volume and
shape, “Its relation to its neighbouns” comprises the friction between the
- blacks, which may consist of “skin friction" (surface to surface), interlocking
or intertangling which determine the mutual capacity for sticking together and
the block™ “'anchoring™ to tha sublayer as well as its “mooring”™ tn blocks on
the sides.
ftis theze properties which dutmg'lns.h natural rocks from artificial blockl
-~ usually mass concrete, possibly with some reinforcement. Natural rock’s
merit lies first of all in its weight. Its geometry is of relatively less impaortance.
With respect to artificial blocks the situation is different because it is pos-
. &ibla ta design a bloek which compensates for weight {volume} of concrete,
which should be minimum to incivise econemy, by intertangling and inter-
knitting {interior {riction). Minimum volume of such block mounds is ob-
tained by Increase of voids {permeability). Another way of decreasing the
volume of expensive malerials in a meund is by increasing the slope angle.
Many different kinds of artificial blocks exist having in commen a high
- vglume of voids and interknitting capabilities. But it is unfortunately true for
all of them that their contact with their sublayer is inadequate and for this
reason aslope of such blocks tends to hreak down by sliding. When slides first
start, breakdown unfortunately develops fast in 8 "“quick collapsa", This
focuses interest on the modes and pattern of breakdowns,
We are here at a crucial point in breakwater technology because the huge
-number of possibilities of placement of a certain number of blocks in fact
invalidate the so-called “zero damage criterion’™ which cbvlously now be-
comes Bbsurd in practical sense. The situation associated with this criterion
should therefore never be understood in any other way than the sitnation
which develops after a certain maturing of the mound by storms which cccur
introductorily, e g. during the first cauple of years. The inevitable damage then
decreases gradually until “about stability™" is established — still ellowing some
minor “rocking'” without further or severe consequences with respect to over-

-y







L]
ok

174 S ) .. . .; ok

A P ; -
all or umt H.nblht}" This is the actual "{.‘r" damage :ta.rtmg situation.. -, -

Details of the hydrodynamics of wave uprush/downrush are menttoned in*
Report No. 7 by the [POFE (Bruun, 1979b). How drag and inertia forces com- (
pare to each other relatively in ruch cases depends upon block geometry and
roughness in relation to Dow as well as in relation to other blocks in the first
ang perhaps also the second armour layer (Bruun and Johanneson, 1976). In
this respect one must probably distinguish between the already mentioned
“gkin friction’ that means surface to surface Iriction and "surface peometry
friction™ which includes “friction due to A momentum which has tobe =
overcome (Fig. 3). Hydrodynamic Yift forces'” may be amplified h},r semi- "~
static water pressures caused b}r the super-elevation of the wat.er in the core. -

£ ey

..

CH-C I L L B . L

oravitr. 7 | aranity

Fig.1. Yarious types of friction ocourring in & rock mound,

The entire force development and distribution consequently hecomes very
complex and it is very difficult to establish genera! rules for their combinztions,
With respect to the usually patented multilegged blocks, the situation becomes
even more complicated because of their relstively large surface area compared
to their weight. They cause higher tatal drag es well as inertial forces which -
are both adverse to stability. Their higher permeability compared to natural  {
blocks has the same adverse effects, as these blocks will be submerged in water
which carries [ast flows upbound as well as downbound, The upbound flow,
which has & component downward in the mound, inereases stability, the
dovwnbound Dow works the opposite way, As velocities are highest in the
upper part of the armour layet, lift forces together with buoyancy may
“uidize’” the block layer, making the blocks fleat around, bumping and
damaging each other. This happens most easily with long-period waves

(1.5 .A.C.E, 1976). In a practical tense there is therefore a limit for the .
permeability of a certain volume of block in relation to its weight. As forces
are unequally distributed along a slope, the said limit is not the same every-
where which in turn means that blocks obvicusly thould vary in welght or

in geometry or in both along the slope s discussed later, .

" With respect to the multilegged patented concrete blocks, their intetior -
friction by interknitting is by far superior Lo natural rock blocks which .
provide little or no interknitting at all. The friction between the muliilegped
blocks and their sublayer, however, {s pever gatisfactory because these blocks
are sitting more or less !oosely on the top of the first sublayer with only
relatively few *'contoct-points", contrary to the situation with natural rock.
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And it iz undoubtedly very il.'ﬂpﬂrt,m:jt to have a good mntn.ct between armaur . Lo N .
and sublayer for these artificial blocks because they are always placed on as O IERERS

.steep a slope as passible (the relatively more costly material), T e
. When rubble mounds, including artificial blecks, are placed “at mndom"” ot )
- {pell-mell), no actual aitempt is made to make them cooperats in resisting «. - - |
the forces to which they are subjected. They are supposed to support each *© -~ ' '
ather in all directions at random or incidentally by the geometry they have, : !
1 this respect the interknitting concrete blocks have an advantage compared - - L
to il other blocks even if they are only placed at random. In regard to . & , - . ) - ' ) T
. mounds of natural rock it is very obvious that the stability of such mounds ..  ° ’
can be improved greatly — and as demonstrated repeatedly (Kidby et al., -
1964; Bntun and Johanneson, 1976) — by placing some of the largest blocks
as binders perpendicular te slope {Fig.4a) or by always placing the longest .
tide {g>b>>¢) perpendicular ta the slope {Fig. 4b). Some of them may stick | |
somewhat irregularly out of the “theoretical surface™ but this will reduce

LTS

uprush. Such placement reduces uplif as well as drag end inertia forces and . 1. ' . -
friction against the sublayer is increased simultaneously due to a better - B L
“rooting”. Although it costs more to place blocks in that way, practice shows I e
that savings in volume balances increase of costs in placement. L Lt

“Rooting"” of multilegged conecrets armour down in the fist publayer is not
done but it is common to place the first layer of Dotos blocks with one
anchor stock parallel to, the other perpendicular to the slope, This may €.8.
be seen at the S5t Cyprian breakwater in NW Spain. The first layerof -

‘tetrapods is naturally placed with three lega resting on the slepe. Placement
‘of the next (uppermuost) layer of these biocks is not uniform but attempts
may often be seen in placing blocks with some mutual support or interknit-
~ ting simply because the supervisor and his ¢Tane operator instinctly try to do
-. that, There s¢ems, however, to be no quantitative data svailable on the influ.
~ ence of such a "pert-placement’, On the other hand, there are many cases

|
r
PR | o *
;
1
1

. Fig. 4, Placement of blocks with the long side perpendicular to the slope Ly [nereass
siability. i .. -
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" myailable of “pmr-placement" seen from a hydraulic, wave mechamcs, mﬂ

mechanics as well as structural mechanies point of view. This is mainly true

- for the fist structures built of muliilegged blocks, Structural drawbacks
- (Plaugh, 1979) may be solved by structural means such as reinforcements by

armour steel and by the emission of elements which are too slim, The problem
of a proper binder between concrete blocks, ammour and first sublayer, how-
ever, still exists. How may it be eolved? Theoretically the answer is simple
{provide more friction or rocting). In practice the queation is how? .

In the case of a rubble mound the problem is not too difficutt to handle,
Binders {Fig.E) could be used. One only has tc make the surface of the sub-
layer raugher, e.p, by letting eome of the larger elements stick out before -
placement of the ermour. But these elements must still be well rooted in the
next sublayer or in the core. The importance of this is, needless to say, most -
evident in the case of the steep slopes — that means with artificial blocl:s:

r

Fig.B. Bindervonnsction batween armour and sublayer.

Another way of aolving the problem could be to use sublayers of the same

- kind of biocka 2s the armour but scaled down according to similar rules as

normally used for sublayers. There ls, however, no guarantes that this presents
the optimal sotution, A block of a different, that means better, sublayer-inter-
locking geometry mey prove to be better. Research will have to be done on
this subject belfore the advantages of using such a system can be clarified,
Summarizing the above-mentioned, one arrives at the following general rules
for block stability:

{1} Blocks should provide high permeability, be rat.her ntreamhned in
gecometry, therehy inviting forces ps small as possible, but at the same time-
providing substantial hydraulic friction to decrease uprush. Blocks should
have a good mutual friction as well us considerable friction in relation to the
first sublayer.

{2) From a hydraulic point of view, blocks shoutd therefore be round,
From s mechanics point of view they should be provided with anchor pins .
in all directions. The best blocks are those which stick together™ or — from
research on mounds of guarried rock — those which are best “anchored
down' in the next layer{s) of the mound. As explained in Bruun and
Johanneson (1976}, steep mounds plso cause some squeczing of the single
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members, This, however, may become very dangerous and may finally
result in collapse if one block jumps out, as has been experienced with
artificial blocks. A streamlined block-gesmetry cuts down breakdown
forces and friction (rough irrepular surfaces) and u-regu]ar {pelt-mell} plau::e— -
" ment increnses stability forces, - P
{3) With respect to the sublayer, it 5huu]d consist of blocks large enough
to arrest them below the armour layer. An effective “anchor system’ a3 .
mentioned above, may pose prablems on placement. Grouting of the upper
* rock layer consisting of blocks which are able to pass down through the .~
armour layer, huwever could solve the pmblem if such grnutm; can be done
“effectively. : J
With respect to _gﬂnge the queatiﬁn is whether — ppart from minor
" introductory adjustment-damages’ — it is wise to tolerate any damage at
all. The so-called *no damage—no overtopping criterion™ leaves the designer
» with a design which he knows only on his own dictated terms and not with a
structure which may start coming apart randomly and maost likely will con-
- tinue doing so if the storm continues. 3reakwaters which stabilized after a
considerable amount of wave attacks are rare, however, but they do exist in
cases where, intermittently between the storms, feeding with new blocks was
undertzken. This is 8 common feature with Norwegian break waters. It is,
however, not a satisfactory technical or economical procedure to let nature
take over the full responsibility for the design, Prevention rather than cure is
not enly better in medical but alse in engineering practice.

The sltubfﬂry of the armour layer as a whole

The duration of a severe stornmn is #er_l.r important for the stability. Figure 6
_ie 2 pchematic showing breakdown in relation to the duration of storms and
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modes of development of damage, the ultimate result being the sarme, The . .
schemaltics assumes that initial damage atorts at the same intensity of the
storm. 1t is obvious that the “toughest design™ under otherwise equal con-” - -
ditions is much to be preferred to the “brittle design™. Speaking about the . ™
Yong-term [atigue development, the development of gradual demage could ~
also be different for the two kinds of structures and be related to very differ-
ent design characteristics. Steep slopes are common with artificial {concrete)
blocks where structura) stability, including soundness ol material, also plays A
an important role. Concrete elements, particularly if they are slim, may as ~
~ mentjonad above break relatively easily if they somehow get jammad and ~ -~
subjected to large moments by breaking or uprushing waves {Plough, 1979)" *
This will hardly ever (cannat) happen with mounds of natural ro¢k but has
been experienced with some concrete blocks (Plough, 1979}, .3 ¥ - warml
+ Artificial multilegzed blocks unfortunately breakdown fast when damage -
" first starts. The epparent “'brittleness” of artificial blocks in wave mechanics -
as well ey in structural respects, as visualized by Fig.7, makes the advantages -
of using them smaller compared to natural blocks because they have to be
desipried with a larger safety factor. The Nzp factors for O or for small initial
* damages therefore are not reliable — ©r objective — factors for comparison.
The consequence of this situation is that it may be economically well justified
to use recks compared to artificial blecks up to a higher weight than justified
by “commercial Kp values’ and the more objective Nzp values. This situation
becomes even more pronounced when wave attacks are not perpendicular to
“the breakwater alignment but have an essential camponent paralle] to the
breakwater. This weakens the stability of artificial blecks further, as proven
by experiments in several laboratories {Florida, Denmark, Norway ele.).
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The conclusion obviously is that natural blocks of substantial character -
should be used whenever available in adequate quantity, size and soundness
of material. The long-term economy which also includes eonsideration to
future maintenance is a major itam in planning and optimization of any

‘particular design of a breakwater jn the future. And the older & breakwa.tet
becomes the more obvious is the importance of the materials used, Break- ~
waters are built to last. In some countries of low “‘maintenance discipline",
they zre allowed to collapse gradually. The uses of nrtificial materials, first
used at Tyre in Phoenicia (present-day Lebanon), later at Ostia Rome's sea- '
port on the Tiber and for about 100 year-old breakwaters in Europe, do not
provide evidence for advaniage of t.‘ne use of artificial blocks if natural blo-::ks
can be found.

At Tyte, Ostia, in England, H:}llund. France, end the Scandinavian countries -

concreta structures sometimaes deteriorated too quickly. Stonehenge and old
marine structures in India, China, the low countries of Eurcpe, France,
Englr.nd and Scandtnaﬂa are still t.here They were built to lest.

+

Pmc r:mf ci'assafu:a tmn of damnge:

R.eport Nﬂ 7 {Bruun 1979b) discusses damage modes end damags mechan-

_"ics based on practical experiments, When damage occurs in the prototype it

" mosat often starts around the M.S.L, It could, however, also start in the upper-
mosi part of the mound in the crown due to heavy overwashing. This happens
when breakwaters are oo low. The normal case mentioned above is that the
front slope starts “'sacking” {making an S<hape). This may happen in 4 more
or less graceful way. If some blocks in the uppermest armour move down to
gn elevation below or at the M.L.W. line while the second armour layer is

- not dameaged, the mound may escape from more sericus damage and repairs.

" may be effected in time (see Bruun, 1979a, p.1, and fig, 2). Removal of part -
of the upper armour fayer does not necessarily mean a fatality. The more
severe damage, which could develop to become a total destruction if allowed

' to continue, is the removal of the second of & two-hlock armour layer ex- '

- posing the first sublayer which was not designed to stand up directly to -

wave forces, In guch cases breakdown may proceed fast until complete

*destruction™, Then the time parametsr pbvigusly becomes very important

_for the fate of the mound.

A similar practice! description of the stage end sequences of damage should
probably be ndopted in labomatory practice.

Damage levels

The problem of “damage level” raises two questians. One is concerned
with the definition of "“"damage level™ for similar designs (structures) which
can be compared directly. The other refers to attempts to compare vn.nnus
slructures.
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Comparson between damages ta various structures is very difficult as.
damage muat be defined in relstion to certain levels, As various typesof ', C |
structures demonsirate very different damage modes and breakdown pattem, ™.
* a“straight comparison™is not possible. The only sensible way in which .
damage {o structures of various design can be compared is by considering the
consequences of the damage. In other words: What would be the next stage
. of damage to be expected to develop and what would be the fuﬂher COnse-
quencea? - - .o . = L

RNI'I'DNAL DESIGN . P,
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The develupment of the DU Erous “dmgn -formulas' menuuned md
crutioned severely against by the Intemational Waves Committee of the
PIANC in its 1976—1977 report (PLANC, 1976), i3, in fact, ¢ somewhat sad - — -
result of a by far too long-lasting period of just empirically based laboratory
exercises which, in tum, resulted in little or no progress in phystcal under- ~* -
standing of the problem: This is ¢lezrly evidenced by the “design-formulas™
. majot disagreements associated with an endless collection of “constants™
which were not constants at all as described by the International Committee
in PIANC (1976). Characteristic in this respect are the attempts to distinguish
between “non-bresking” ansg "breaking™ conditions without defining the type
of breaking which is allimportant for the hydrodynamics and forces involved. -
It is not even stated whether breaking takes place on, xt, or in front of the
breakwater! The practical engineer or supervisor — in private — therefore
mostly had views which often deviated considerably from conventional . - — —
laboratory -thinking. .
Based on his experience, the Dutch field engineer knew that uprush on the -
dykes pencirated to its highest elevation when waves were long and that this
happened mainly at the end of the storm in the first phases of attenuation.
The Danish dune engineer observed that his aand dunes or “'sea dyke™ slid down
- {slumped) during the sttenuation phase when waves ran up higheat and .
eventually overwashed the ccown, while during the peak of the storm uprush
was less and damege mainly concentrated in the development of erosion
scarps on the front side of the dune. The Norwegian field supervisor was
sometimes able to follow the destruction pattern at closer hand. He may not
have noted the introductory damage during the peak of the storm, but he
saw how the major breakdowns developed due to large and long waves over-
running the entire structure during the latter phases of the storm {Bruun and
Ginbak, 1978). During recent years a better understanding of the bagie -
hydrodynamic aspects of the problemn has been gained allowing a more -~
rmational, not st & formulse — and wave generator — approach, Resulis are
pubtished in Kidby et al. (1964), Bruun and Ganbak (1976, 1977, 1978),
Bruun snd Johanneson (1976), FIANC {1976), Bruun [1975} and Plough °
{1979},
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Dne st d:stmgmsh between shurt-t,erm and lungat.erm cunﬂpandlng to
naf.ure 5 own way of testing a particular structure.

' Bhort-term extreme events usually present the actual design ccntena. In
most cases stability is the most important and adamant criterion while a
certain amount of overwash may be allowed. In other cases, the require-

- ment for 2 minimum of overwash is mandatory due to the use of the ueﬂ
" just behind the mound (Rottinghaus, 1971). - . -. N
It is necessary to test extreme storms a3 they are expected to dewelnp in
all phases. It iz also necessary to ensure that scale effects do nat peeur, . !
either in the hydrodynamics or in time {duration) aspects. .

. Long-term dnméege accumulates from small damages over many years.
Initially it is almost identical with O-damage conditions. The character and
extent of such damages depend not enly on structural and waye mechanics -

.characteristics but also on the actual "*workmanship" during construchon,

_at the same time disregarding the fact that some damage always happens in
the introductory phases. In addition, the mound itself will undoubtedly
settle gomewhat — and the underiying soil may nlso give way by compression
and cansolidation. Considering the fact that placement of 25 blocks in 5 rows
horizontal and 5 rows vertical (along the slope) includes a total of 4.84 X 10
variants, disregarding those combinations which are symmetrical around g *
vertical in the middle, it is clear that twa sections of the mound can hardly
be expecled to behave identlcally. Due to the huge number of possibilities,
those whick obviously are going to demonstrate the highest degree of stabil-
ity, however, will parrow down the nwmber of practical possibitities. If al}
blecks demonstrate the same degree of stability in a certain equally exposad
zont, they should have equal weight and an allover symmatrical geometry,
This can only be achieved by regular block geometry, that means by using
conerete blocks — or gabions! There should, however, always he consistency

- between action and reaction. The above also shows that it is risky to use

blocks of “involved design”, increasing the possibilities for failures. Practice

has established this,

" ‘The local strength must be determined ps an envelope covering aIl possitile
maxima. Figure 8 shows such an envelope schematically. It would be practical
if laboratories provided the sponsor of tests with such an envelope to be used

Envelop e of fordes on braghwater
rdOnQering the slability ol the SFmor

SCheMmatics

Fig.8. Envelope of mazimum forces on rubibie mound breakwater,
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for detailed design in cooperation with the la.boratury, by plaCEmént of the *

‘() The risk of damage should be evaluated al! along the slope. .

(b) The consequence o f damage should be evaluated. {:onsequenoe mn_v,r, .. E,
be measured in costs of repairs.

{c) Risk times consequence will then be t.he practcal basis for dmlgn
This should not mean any kind of impractical “over-sophistication™ of the

.

" construction work but just that placement is “as intelligent ns possible”, |

Report No. 7T mentions the selection of short-term criteria for design with
particular reference to "Final Report by the Waves Committee™ (PIANC,
1976). Probably the most radical change in recommended practice in selec- .
tion of design criteria for practical and safe design of & rubble mound struc-
ture was the introduction of the § » tgaA\/H/L, factor which created the basis

for 8 more rational and safe design procedure. The new design critetion is the
- result of meticulous studies of wave records fram the site-in guestion,

including spectral characteristics and runs or sequences of waves which are
particulatly dangerous to stability. This involves investigations of groups of
wave heights as wel! as periods {usually this goes together) mainly for extreme
events, considering all phases of the storm and ranging from the generation .
phase over the peak until the attenuation phases (Ewing, 1973; Rye, 1974;
Bruun and Ginbak, 1876, 1977, 1978; Goda, 1976; Chakrabarti and Cooley,
1977: Houmb and Vik, 1977; Giinbak, 1978; Houmb et al., 1878). Report
No, 7 mentions recording of damages by ratiopal methods {Bruun and -
Ginbak, 1978; Kristinson and Eliasson, 1978}.

A high degree of “intertangling” and friction is always an ndvnnuge
Permeshility has proven to be a questionable adventage for stability. The
artificial block mounds of higher initial etability are not “pood loosenn®
When damage first starts it tends to progress fast. Mounds of these b‘loclr.s
do not fail nearly as “gracetully” as mounds built"up of natiral Tock do. This
is due to their steep slope end to their high permeability which makes them
“run-full™ or “fluidize™ and slide down, Long waves are particularly dangercus
in this respect, While the so-called “no<amage not overtopping criterla™ may
be argued for nonmal rock mounds, which usually disintegrate rather slowly
in "‘steps” and not in “slides”, it seems much more logical to use these criteria
for mounds of artificial blocks because initial damage may be followed so
quickly by fatality (Bruun, 1979). However, we have to face the reality that
it is very difficult or impossible to get the la.rge—size natural rock, meaning
blocks above 20 tonnes. For heavily exposed breakwaters, artificial blocks
have therefore now largely taken over the block market, even in a mountain-
ous country like Norway (Kjelstrup, 1977). Tth in tum, ha.s reslﬂt.ed ina
large number of practical problems including:

(2} Manufacturing of concrete with 23 much resistance to weathenng s
possible.

{b) Proper storage of these blocks for maturing.

(c) Placement of blocks without damaging them.

{d) Proper equipment for safe placement of the blocks,

" heaviest blocks where they are most needed. In practical terms thm raeans that: ;

1

]
ll.
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Althougk thia paper is not intended to deal with all these practical subjects,

. which ss=handled-well in many papers by highly experienced nuthors, it is
ernphasied very strongly that placement of bloeks without damaging them

" is very emmntial, Fal]mes have happened which could be a result of breakages

. to blodkx with slim geometry placed in the most dangerous area at the M.S.L.
lne (Ploegh, 1979). For this reascn, it is alse best to use cranes placed on
the breslwater as jt is buili forward or on a trestle as it is sometimes done
{(althougk we know from past experience that this is expensive), because the .
use of feting equipment causes more breakage due to wave motion making
the blocks burnp against each other. As brezkdown quite gften occurs as
maas slidex, particularly with the steep slopes, stability against sliding by Iric-
tion between armour and the frst sublayer 18 a necessity. One way of achieving
this is to prepare the sublayer, usually built of quarried rock with a surface
as rough s possible hy simply turning some of the blocks so that the longest ",
side is perpendicular to the slape. These blocks should, as mentioned earlier -
with reference to Fig,5, have their “root” down in the sublayer. And it is’
importast that all layers are thick enough to absorh variances in thickness
without msks of weakening the structure. The strength of a chain is well.
knowr: to be the strength of its weakest link. Very often there is a marked
du'femrn between the draftman’s design and the way it “came uut"

e i m s

I N -
DATAX ED FOR DESIGN

Waue duh

In order ta demgn realistically it is is important:

{1) To know lhurt.-term ag well 25 long-term wave statutlcs in detail, This .
includes statistics on wave steepness and grouping of waves as well as informa-

-tion on the frequency and duration of storms of a certain megnitude, defined .
in wave height and period ranges {Hudson, 1961; Brettschneider, 1963; Nolte
and Hsu, 1972; Rye, 1974; Longuet-Higging, 1975; Bruun and Giinbak, 1976,
1977, 1978; Houmb and Vik,1977; Houmb et al,, 1978; PIANC, 1978). To

“evaluats wives in shallow water, detailed knowledge on waves and water table
must be obtained (Jonsson and Jacobsan, 1973),

{2) To undertake analysis of the available wave data in crder to pmduce
reglistic hydrodynamic and practical eritaria for model experiments. The
iniportance of the factors recommended by the Waves Commitiee of the
Permeanenl International Association of Navigation Congresses (PLANC,
1878) should be tonsidered. This includes probahitity and risk analyses based
on the f-factor ( Bruun and Ginbak, 1976, 1977, 1978) as well a= grouping of
high waves (Nolte end Hsu, 1972; Ewing, 1973; Rye, 1974; Longuet-Higgins,
1975; Goda, 1976: Chakrabarti and Cooley, 1977; Overvik and Houmb,
1977).

{3) Te predict wave—climate conditions during the construction pericd
{Bruun and Giinbak, 1977; Houmb and Vik, 1977; Houmb et al., 1978},
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enabling the contractor to proceed in the safest and most economical way so
that the designer and his client can take over a through ang well-built (to- -
specification'") structure and not a product which {s scarred by rregularities
_ and wounds, some of which are not (and could not be) properly healed. Con-
sequently, damages may 5COon happ-en and ma:,r wind up in cnmplebe destmc
tion, . .
Other information needed for design mcludes - TLoe.e T
. {4} Data an the stability of the bottom surface and lower la:,rers shuu.]d be
well known. This requires scil mechanics tests and analysis, |, K :
(5) Materials to be used must be sound and must not submit toa ea.sﬂy to
weathering, possibly including ice exposures. ot
s+ (6) The contractor should have the proper eqmpment which allows n.fe
Placement of elements in the structure (Kjelstrup, 1977). . :
General requirements to design construction and mmntenance include

{7) The design a3 a whole as well 23 in detail should be practical. Fine
drawings and [aboratory tests are nut enoug‘h It ma}T nut be possible to follow
these io practice (Fig.9).

{B) Supervision must be strict. By far tun often supervision has been s]uprpy.
Good supervision requires a full understanding by the supervisor of all aspects
of design and construction — and therefore alsa some good old field enginsers
or foremen who have good eyes and a lot of experiences with wavea, materiala
and equipment, making it possible for them to improvise and not leave this
aapect solely to the contractors diseretion, An engineer may be good on roads,
sewers and bridges, but this does not necessarily mean that he is also good in
marine structures, The cheapest bid may sound attractive but it is not neces-
sarily the best choice. Eatlier experience is — or should always be — 8 main
factor. Better and more practical equipment has been put tn we during recent
years, e.g. backhoe and splithull barges.

{9) The situation and the appearance of the breakwater upon its comple-
tion is carefully recorded by adequate surveys,

. THE CRAFTING BOARD BREAKWATER

THE WwaAY IT CAME OUT

e

1

Fig.#. Theory and Pﬂl:tiﬂ,-
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* (10} Be development of breakwater stability is follawed closely by surveys’

. includizg photography. The best, needless to say, would be to ingtall a wave
. buoyimfront of the structure, e.g at 2040 m depth and corelate nn;r
. dampagewith the observed wave actian. s
© + (11) MR msintenance should be recorded not only *in tnt.al" but in dELml
which permits judgement as to¢ why maintenance was particularly heavy in
ceriain sections of the breakwater. The wave situation which caused the
damage dsould be thoroughly recorded in all details whlch are necemujf fnr
analysis af the wavestructure interaction. ¢+, -

" In its [mal section, Report No. 7 (Bruun, 1979b) mentlnm lahnrat.ur;.r pmce-

dures e suggests quantitative analyses replacing the earlier practice of .
counting of blocks which *‘left the siope™ and/or "rolled down' s most
unsatisketory and superficial way of classifying and measuring damagea.
The OBDS {(optical breakdown sensor) is mentioned in detall in Kristinson
and Elizmon (1978). It is usefu! for objective recording of damagesup to a
- r.:ert.uinhel

PRACTICAL AEPECTS OF DESIGN ARD DUNETHUCT]D‘*T oFr EREAKWATERS :
WITH SPECIAL REFERENCE TO NURW}LY . PRt

b e DT L N s

Infrodum.un oL T ) i ™

. In phun'mg and building breakwaters exposed to the wave action of more
- theo a eormal fjord sea, close cooperation is required between those who -
. design the hreakwaters and personne! who have practical experience from -~
- constnetion work. It all too ofien happens that constructions, which from
" purely theoretical or laboratory considerations seem reliable, may prove to
be very difficult or unnecessarily expensive to build. -
Unfortunately, it has become usual in labomatories arcund the world that
personnel have only laboratory experience and little or no practical exper-
ience, Af the same time, it i3 unfortunate when central authaorities are fully
occupied with sdministrative activities and only have been able to follow

developments in the field through eporadic inspections of building sites. In -

order to find a solution that is favoursble from Bn economic as well zs &
technical point of view, close cooperation between theorists and practitioners
is needed, Only a few have experience of both,

. The writers, together with colleagues elsewheare, have foungd that this
situation is commen everywhere and not confined to any particular nation,
In some countries, breakwaters are planned by consultants and built by con-

tractors, so that the gavernment or the builders only carry out the inspec-
tion. In other countries, among them Norway, planning and construction Ls
carried out by the govemnment. The government undertakes investigations,
does the planning, handles building policies and constructs the harbours. In
this case not enough emphasis may be put on supervisory activily, and one
does not have the guarantee of economically appropriate and technically
sound work which results from competition.

N —
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The following is a brief summary af the conditions which must ba clarified
and also the mistakes that may anse if the coordination between-the various
authorities is inadequate, or if individuals or groups proceed with insufficient
conlact with other professionals. If more complicated conditions with several
possible alternatives are involved, three-dimensional model tests will usually .
be carfed out in order to find the technically best solution. Now almost all
such projects seem to have s political edge. Since it is the politicians who -

_ finally make the decisions in our democratic society, it aften happens that -
the technical viewpoints must give way to political. In other words, the -
 harbour may be built on the wreng place seen professionally. It is nat unusual
that non-technical consulting campanies design breakwaters for 30 and 40 m .
depths. Laboratories too, may pmpme solutions t.hat are prohibitive due to
ﬂmmsh B A Ll T U T PRI Lo neRes g
T -- o s
DESIE?I cruer:u - Poroneremee s e — P

.o . .

If sufficient time is available for prestudies, one gets the most reliable in-
formation on waves by recording them over & period of at least one year,
preferably longer. In many places visual observations can be most valuable.
It is always advisahle to listen to what the lncsal population has to say.

Regarding existing conditions one can usually get objective information.
Cn the othet hand, information is often given in order to acquire a particutar
gite ar harbour peometry, one must be careful as such information more or
less upnconsciously may tend to pursue one particular solution,

Choice of breskwater prefile

The choice of construction materials is important. The building materials {.
locally available have great influence on the brealwater's cost. If there {3 good
local rock, one must seek a hreakwater construction with the greatest possible
use of quarried rock. Concrete will Always be more expensive, and if there is
no concrete sand at the site, concrete blocks of various kinds (tetrapods, dolos;
tribars, ete.) may become very expensive. Choice of conerele may be an issue
at sites where one has poor rock, but a good supply of sand for constrniction.

Choice of equipment for construction

In order to build a particular profile, mechenical equipment with particular
_ qualities is required, eapeciaily for lifting (ton-meter capacity). Mechanical
equipment has been under rapid development in recent Emes. Machines that
were usual just 10 years ago can no longer be used today. In Norway, how-
ever, they may not be allowed by the Norwegian Labour Commission! Cranes
on tracks have now disappeared from construction sites. )
Transportation equipment too looks different now from the way it used to,
be. It is especially in this field that consultants and supervisors, who make the



) oo " . ' 187

decisions on purchasing of equipment, have not always followed the develop- -

ment closely enough. In this feld, close cooperation is urgently required be-
tween the field supervisor who has the practical experience, the person whe
is to design the profile, and those who will approve the project. One has to
have local site experience in order to know and understand completely all”

* the problems that will arise during the construction of a breakwater. Short
inspections at the building sites may only give a superficial impression. It is
therefore the construction engineer {and not the “'desk man™) who must have
' the final say thh respect to the r:hnme u! a breakw&ber profile. .

Choice a,a" pra,ﬁ.ie

Prnr:hcal cnnndernhum are oft.m decisive in this aspect. Details that may
 geem relinble, biaf which in reality are of minor importance to stability, can
be expensive to carry out in practice. Also, sometimes the structures designed
" may be impossible to build! The one who designs the structure must clearly
understand under what conditions the consiruction engineer has to work, In
tropical waters and in areas where ane can count on long periods of good
weather, certaln “theoretical” profiles may be built as they were designed, as
long es they are not all too involved. However, it is unavoidable, at any rate
on the coast of North Norway, that one has often great difficulty in fol-
lowing presenibed profiles, even with relatively modemte wave ection. 1t may
happen that one must make provisional protection to save the material at-
ready in place_ This of course means that too complicated profiles cannot be
- carried out. The result can easily be that builders put less emphasis on the
blueprints, but build the breakwater according to usual practice and es they
think is best. This can be a problem if q:hangeﬁ in the profile become neces-
sary for reasons of stability. .

Length of construction period

It makes all the difference in the world for someone designing & breakwater

to know how much construction time one can expect to have, in order to
- complete the work, Hasty work should be avoided but may sometimes be-

come necessary, Considerations of rapid execution can weigh so heavily that
one is forced Lo compromise the stability to a certain extent. There will
always be some movernent in a breakwater during its first years. Settling is
most usual, but washouts can also arise es a result of:

(a) Setiling of subaail.

(b} Settling of the rock mass, tee Figs. 10 and 11,

{c) Washing out of fines and possibly snow in the core material.

{d} Storm damage,
Therefore, it is usually best to build and leave n breakwater one or preferably
two years before one completes the permnanent construction. This increases
the stahility, However, the breakwater can be s0 exposed that it is not advis-
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able to leave an open structure unﬁmahed or unprntected Thl.‘i mny cause
considerable exira work.

n

Quality control - . « ama w e -

In this respect countries where breakwaters are designed by consultants,

Fig.10. Breakwater profils for a medium exposed construction on the Norwegian aretic . -

built by contractors and inspected by the consultant have certain advantages.

On the ather hend, if the construction supervisor keepa an eye open for the
usual wealkmesses in a breakwater construction, the worst calamities should
be avoidable. It is, however, often the young and less experienced engineers
who are sent out to the aites. In such cases good contact between him end
the construction supervisor is essential. Most important is that frequent
inspections of the submerged part are undertaken, The necessary equipment
for such work is a plumb line, a water telescope, and at greater deptha also

the use of divers. The most common mistake ia that because of lack af under-

water inspection the superstructure is built on a foundation with a steep
slope brlow water, If the blocks under water cannot be placed with a crane
barge or a crane on the breakwater crown with a long enough boom, there is
no other mean of moving blocks below the water leve] than by blasting with
small charges, in order to place them in the {Fig.12) prescribed slope, When
a solid foundation is created in this way, the superstructure can be built up
with clamshell or backhoe equipment, or with the help of a crane. If progress
is to be made In several stages, an exact work description is required. With
especially exposed wave breaker constructions where both floating and land-
based equipment is to be used, the planner must have a complete Imuwledge
of the functional operation.
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Fig.1 1. A, Breaskwaler afler {irst grason of construction. Both shopes with nulural sngte
(1:3.25). The jeity hos wn extra height of 0.5 m | Gryllefjord, Tromas).

B. After one or Awo years the blocks are remored from the slopes, and same of the core ia
moved from the outgde Lo the inade Lo zchieve w different slope of 1: 20, All doaw in one
operation with » medjum-sized (45 metzic ton) backhoe bagger.

C. Afler twro myore Years the seitlings have come Lo an ead and the breskwalber i finihed
with concrete cover apd parapet connected Lo the armour blocks, Scale 1:250,

In many cases same tirne must pass between each step of the aperation. One
must then have to protect the unfinished work so that it is not lost. Transpor-
tation of heavy building equipment by sen or by land, and essembly is today
s0 expensive that attempts iust be made to hold such conts down, Another

censideration is that the labour force must be adjusted aceording to the work .

that is to be done. All these factors must be subjecied o p joint evaluation,
and even if the designer knows the main {eatures of the planned structure, -
he must not {ail Lo listen to the supervisory engineer, who is and will con-
tinue to be the key man in the construction work.
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- Fig.12. A An unstable breakwater haad, built up on & stexp alope below waler.
. B. Down-blasting of tha underwater armour blocks with small explosives to gbtaln the
prescribed slope. '
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CONCLUSION

Evaluaticn of the stability of a rubble-meund structure must of necessity
consider a number of factors, including some which so far have not been paid
proper atiention. Thorough stability analyses must include corsideration of
the overall stability of the armour and its sublayer(s), the stability of the
single armour unit and the structural stability of the single unit, Factors like
"intertangling® or “inl.rknitting™ of blocks are importont and shauld be
looked into, Friction between the armour layer and its first sublayer is a very
important factor. Data needed for the desipgn include adequate wave data :
allowing shori-term and long-term analyses useful for extrapelations, Partic-

" ularly important is the evaluation of steepness distributions. Reliable labora-
tory procedures must be secured in future model teats and ceale effects must
be included in scaling. .

A number of practical aspects must be considered in design to avoid that
the final structure deviates too much from the design. It is therefore neces-
sary, that designers, builders and construction supervisors get together before
the design is finalized.
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REASONS FOR DAMAGES TO THE ARZEY EL DJEDID BREAKZATER
DECEMBER 28-2¢, 1980

Abstract - The maln tople of this report is an evaluatic
of Lhe reasgns for the failure or heavy damages to the
breakwater., Basic information and rmateriasl include:
Site-inspection in January, 1981, Progress Report by THI
June, 1,?1, Final Report by DHI, received on August 21st
{DAREP} 1981, and report bJ Christiani and Nielsen, whic
is an integrated part of the DAREP. :
Tne report also mentions briefly the suggested repair

works and make a uouple of owerall Euvgestinns for the
ina) design.

To aveld a voluminous and less overusightly report refe:
ences are - Lo a large extent - made to existing report:
oy publlcations. The most important of these are enclos:
as a total of 8 Appendices.

INTRODUCTION . - -

-—To—meke dﬂCh—EvaluauiDq.ﬂﬂ_ﬂhj&ﬂt*VE_Eumpﬂﬂﬁlble it was most preferab!
to review the rezsens for damoges to Mound Breakwaters Iin Seneral

ané mext to comrare the damages to the Arzew el Djedid¢ breziwater to

the general exueriences on breakwater stabilities and demages.

by

AS ‘zn lntegratod part ol the report T have therefore included artlc
sons for Damages to ndbb‘e round Erefigaters”, publiche

on 'Cnmﬂﬂn 3zzsons for Damages to Bubhlé Mound Protipsaters", rublichs
by Coastal Ergzineering Internatioral™ 1in 1979 as Appendix 1 {ref. 7).
Sinre then {(two years) some further prigress a5 bsEen made partionlsn
in-the wave hydrodynamics versus structurss' .rield. In reviewing the
167¢-article, as done in the report, the most- recent experience has
been added as described in Appendix S and 8 on Waves, in Appendixn 3,
h{ and. 7 (Chapter 3, prp 165-223) on Waves versus. structures, and in
‘refs. -4 and 2‘_- (Appendix 3 and B) on constructions.

C:nr.zisi GENERAL. AEDUT THE STAEILITY OF HOUND BREAKYATERS .

© Mound brealuaters, b} n_ture. are rather "fragile” and no eonder- As
cxplainad in fAppendix 1, "Common.Reasons: for Damefes’to iound Breai-
.watérs", 1979; some damapes therefore, can zlways be expected, but 1-
the design has been.well done ana the construction egually well unce
talcen the unaveldeable. iniciel superfilelal damages to armour. lajyers
will fade out,“follufirg a few storms.

Under ecgual eAnosure along the breakwater damages, therefore, -fil1 L
randoniy distributed. Il a-breakwater fails aicng a longer section .
leaving other szections intact without dameges, this 1s either c&use?
by unecgunl exposure to tave action, unegual sglls condlition, uneduas
materials, inecl. materials handling, or unequal construction procecul
- in2l. supervision. )

Assuming lntroductorily that uli condlticns were cgqual along the
Arzew el Djiedid breakwzter refcrence is made to Fig 1 (Fig. 1 of
Appendix 1). . e . -






DAMAGES BY KHOCK-QUTS ' e S

General - ﬁhmages by knoek-outs are caused by concentrated hydro-
dynamic¢ pressures most often associated wilth plunging waves.
Domzmes by knocli—outs at Arzew el Diedid - There is no direct

‘evidence that this wave damage hes hapgpened, but it is on the other
hand certain that the sccalleﬂg. -factor, & ="_tancl- 1,25 T

VH

»

-c&n'slape angle, T = wave period and H ='anE'height at the toe of °

the slepe, has been located in the surging brealker arga, where
£b > about 2.0, referring to breaker condltions.
Example, using data -from the DAREP report {1081):

Hmem 61251"1; Ti,ﬂ lo (13) seQ.

3 ..1,25 . 1a ' X
B - = 3,75 (h-g)
.h.'_ \152:
"Ir Hb is 9 meters, ?b is 3,1, still in the surging area.

As brezkers, therefnre, during the severe.storm in Dec. 1980 iargely

‘must heve been of the surglng tyrpe, 1t 15 not likely that plungers

gcecurred. This discloses the shoclt-pressures, which usually eccomzzr
plunging waves, arzating nhigh local pressures, walch may easily
damage blocks in eiposed positions ang Jgarticularly multilegged
hlcc :5, which will tend to "bridge" or ‘cantiiever”,

ﬁnmnaxé BY LIFTS B

General -« During the storm of Dec. 25-29, 1G8o,.waves of periocds

exceeding le see. occcurred , particularly durlng the later chases
of the storm. According teo earller tests with Tetrapodses, 25 e.3.
reported on in refs. {15,17) "resenance™, that means aprusn}dcwfa
rush . period is ezual to wave period (refs '2,3,4%,20) may oeccur I3
-values of about 4 to O for a Tetrapod slope of 4/3. nE exnla:: 3
thoroughly in refs. 2,3,4%, and 8 the condition termed "resonance” *s
characteristic of the onset of very deep downrusnes and these
downrusnes stay very low, as long as the wave perlod exceedes the
resvnance peried., Simaltanecusly with the onset of resonance the
stability of the mound enters in B critical condition due to the
following circumstances (refs. 2,3,4, and 8) .

{a} dowamish velogcitlies are naximum.

b} the velozitlcs in the arriving "next wave" attain,
maximum values along the slope. )

{¢) hydrostatic pressures rnom inside the mound obtain

.maximum values,

With waves of H,™ 5,25 mand T = 13 sec., z. becnmes about 4.2 for-
the 4/5 slope. TEuladeE mound, or cerresponding or close Lo resc:
ance. Fer higner periods or lﬂwer waves or- both, copncitions ere
5t11) close to resonance and on the ptrticular dangerous side of

. the Tesonance perind.

..--...






The queetien is now, how a 4/3 slope of Tetrepedee beheve under
such conditlions. )

In order to discuss this subject let us, introductorily, look at
the relative stability of mounds of multllcgped bloeks as compared
to mounds of other blocks and at the s2me time investigate what
may be termed "the optimum slope stability"

The reason for the invention of the multillegged blocks was that
they were able to stay stable Tor stecper slopes than quarry orf
rectangular bleeks, thereby saving materials. This, however,
raises the guestion of risks involved In the use of such blocks
on a steep slope.

Referring to clementary prineiples ol seil mechanlecs 2 steep slope
of uniform mz2terizls of course is less stable than'a slope of less
steepneee This, however, s5till refers to a homogenous slape and
not to a slope, which 1s bullt up of layers ef entirely differewt
materials.,

Looking at the-characteristics of mounds of multilegged blocks of

"differeat shapes all have lerger permeability, %5 to 55% than mounds

of rectangular or cublec bloeks or roci mounds (refs. 8 and 21}, At
the first lock such high permezbllity sppears to be an advantage,

a5 cnergy absorbtion increpses {reflection decreases}, and the ccn-

sumption of mabterisls decreases by about 15-20% compared to rock —

mounds and by azbout lo% compared to reectangular or cubic blogks
left In eell—re‘l Cn the other hend, due to less veolume of zaterl
grev*t; Torces, thereby friction between blecks, beccine less, 2T T
same time as forces by the flowing water In the mound increnzes.
This in turn means that hydrostatic, as well as hydrodynamic forse
which beth try to dislocate blocks during a downrush, incre=zse. To
advantages of using multilegged blocks, txerefore, may be cut-

welghted by disedventeges in other respeets. This depends not lezst
upon the slope angle. Bruun and Johannesson (ref. 1 and Aprendilx =)

analyse in grezat detall the foreces e¢n' 2 single unit in a mound,

{ref.  1}. Using & ball as & theoretical example it 1s shown (ref.i),

hew it 1s poscible to calculete the nunber of blecks, which are

necessary, when'plled up on the top of each other, to produce &no=zt
pressure-force to keep a particular hzll in place, assuming a2 certal:

lift force, frictlion between the balls and friection between the bazll

_and the 1 st. sublayer. It is cbvious that any reduction of the -
'sqeezlng force on the slides will make it casier for the hall to
escape. Such reduction may be a resuit of high frictlien forces

between the ball 2nd its sublayer. On the other hand a large frictic

force between arrmour and sublayver will daereese the possibility
for slides. While single units, vnerefore, may stay in place, &7
adeguately saucered, layers ol block-units need adeguate frictlon
between the bloclts and the subleyer to avoid a mass sliding {ref.l,

.Appendix 2 and ref. 8, Appendix 7, Chapter 3) - e
As armour blacks, ranging from guarried roei: over reetangular bloars

to multilegsed Lloeks, have very different fricticn capabllity, I3

is easily understandzable, why the optimum stobilivy slope.for bvlelic
of various pecmetries varies greatly. Table 1 from ref. '15 (2gpendin
3) ‘shows the optimum stability sle"e for & different types of arncur

'unitﬁ M
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Table 1. Oobtimum stabllity slone far varlous blcéks_jref. 15)

Ty e 5} Armour Unit : . Cotel. optilmum

Rip-rap _ ) >-5,0
Quarry stones o ' .. b,0- %o 5,0

- Parallelopedic blocks _ e T, 0 to.ﬂ,o

' Stabits | ' 2,0 to 2,5
Tetrapodes. e 2,0 to 2,5
Dolas ' S | 1,75 to 2,0

For rip-rap and guarry stones the direet grevity forece against. hydro-
dynamie 1ift force apparently 1s the most important factor. Fnr
conerete bloeks of less 1noveolved gecmetry the importance of sid
pressure: inereeses end for the complex blocks with legs, side pressﬂ§
or interkwitting intertangling" is mest important. -

From Table 1 it may be scen that the optimum stabllity for multilegse
bloecits is less than the slope with which these mounds normally are
built (4/%). Conseguently the wisdom of using a2 slope steeper than
‘the.optimum may be zuestloned. This may be reallzed in a diflerenL

" way -85 .explained below..

St&hilitf of an armour layer may be written as [rcfs.15,16, and l?)
‘ : .w=3W H’ RY (1)

wheu Kw = specific gravity of water ' _ g

it ¢ & ="wave helgnt at toe of the structure

a a - - oo

:"_-:-“-;'.R_ = 51-,.«’_{51*_ - 1}"? -

' S5r= relative weight or armouf units
Y = stability function = f{ =, H/L,)

+ Flow characteristiss on rough permeable slopes are well representezd

by the Iribarren number (F&;. 13Y:

- e - = o

—_- Ir = tanufm . . oo '. | - (2) - ‘T

- For Tetrapodes cne has:

?-cdn be writteq . o _
1’ = ﬂ(II‘ - II"O)EXF B{II‘ - Irg) ) A - o e e

o ‘ Ir > Iro - (3)
Iro- = 2,05# tancﬁ SR ' (%) - -
_Ir. a. tanﬁAfoLc . . e - L (5) R

A snd B are fit cce’ficients vhien depend on the type of armour untit
and slope angle, :

| . ¥ (a= 5/3) = 0,05
e T e =2} = 0,0l-0,02

Seatian and Conftdenoe Pandc-Tpsts

have shown that there exists an 1mportant randomness in the structur:
response. The stabllity of the main armour luyer Va*ics with the

qumtsnfaH PO L R PR R . LT R L S N U R, -~ L
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Table 2. Fit-coefficlents for Tetracvedes [res. 15).

S A . : Iro
1,33 _ " 01033‘80 -0,3141 1,99
1,50 - - 0,02788 . ~0,3993 1,77

2,00 " 0,02050 . -0,5078 1,33

Fit-coeflficlents A and B (Table 2) were abtained by means ol linea-
regression using the change of variables: .
¥ = Ir-Iro , ; . {(6)
E = 1n {(#/lr-Iro) (7)

through which the rit model defined 1in eqs. {3), (4}, and (5) is
" transformed into the straight line: .

€ = mx +n (8
where . m= B ’ '
n = lnA

Scatter in the experimental results can be accouqted fuﬂ hy mncif
ing eg. {8) as: :

E'=amx+n+ 8

when 8 Is a rendem variable cf averagas. S depends solély on the
‘Structure.

Assumling tha 5 3 15 Gausslan distribution, and estimating its
variaﬁces (5¢) b; means of experimental results (ﬂi, 74 according i«

e _ , |
A : s =ﬁ.—1£(§-mxi-_n)2 (9y . .

where ¥ 1s the number of data, confidence bands may be defined tha:
measure scatter of the data.

Detailed calculations show that the highest control curve for 95
confidence level, which may be taken as & stability function of desi;
¥Yp = f{Ir) can ba obtained by multiplying A in Table 2 by a factor
2"lor Tetrapodes. For rip-rap the correspondling factor is 1,5, for
guarry stores 1,5, and for parzllellopedic blocks 2,5. This fasteT
can be interpreted 2s a safety coeffjcient in respeect to structurzl
response ¢f the mound. The random variable is highest for parallellcs
-pedlc blocks (E 5}, but also rather nigh for Tretrapodes {2,0}.

Confidence band factors for initiation of damages for Tetrapodas &r
plven in Table 3 and control curves are cbtained by multipljiub
the best {it curves ea. (3) by these factors.

-
-






"Table 5, Conftidence band Tactors for initiastion of
“damage for Tetranodes {raefs.15,10, and 17)

oL, . 9% 95% 99%

S 1,33 . 1,51 1,64 © 1,31
‘ o,bb 0,61 ' 0,52

1,50 1,99 2,27 2,93
o 0,50 o, 0,34

2,0 . 1,73 ©1,93 2,37
0,58 " 0,52 o342

Apparently slope' ™ = 1,50 is the least safe. The large difference
ln regression between == 1,33 and 1,5 is peculiar, bubt confldence
is5 2 little bevter forol = 1,33, Yet it is apparent that one has
to ecount on large scatterinpg for 21l siopes, but that block size
ford = 2 gcan be about half of, what it has to be foro = 1,5 and
o= 1,33, with 1,33 giving the highest weight, but a Jittle better
structural confidence than m.u'l 5 and dhn 2.0.- -

what may be deduced from this is thaL other factars included in
overall) confidence, like structural aspects aznd concrete quality,
must be &35 safle as psssible, “a;-u“e sweep Slape, ™ = 1,32,

The experlence with multilegged blocks has been that this often
has not been tﬁe case. -

.. - "-.'. T L R

{a) Bloc?s are large enough to enable the mound to withstand
snlitary, double (or triple) mammuth waves and 3 dim. effects.

‘(b} blocks are Structurally sound with no tendency to easy
breakage. . . . R ) -

With'respect to.Arzew el Djedid (a} is not known, as no srecifie
tests have been undertalten.on: such-waves. Wave actlion aleong the
breaksater varies somewhat in decitails and 1t may haopen that at

one particular location, due to slight changes in bottom tcpograzi,

the possiblility for. larger waves by a tightening of eorthegonals, I=
larger than a2t other places. If .such waves demage the mound, furtre
ﬂamage mav-spread.cut from that pelnt due Lo j-dimensional effects.

The same may happen, 1f the mound is damaged due to structural
weakness in one partlcular area, €.g. where 3 - 4 blocks are broken.
In the «. = 4/2 slope domage will soread out rapldly, because such
slope is fraglle and wvulnerable due to 1ts steepness.

" Pamzce-plzture fer Lift-outs. Genpradl - Lift-outs will occur,
vhere the ccmoined lirt-torces are moximum and that is, where force

by downrush, tre veloeitlzs in the plunging, collapsing or surnins

wave 2ad hydrostatic ferces inside the mound join hands., This pzfie
when downrush is a5 low as possible, or at "Reconanee”, The Reson-
ance area, Lherefore, is found below the stille-waler level and
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1,5 to 2,0 wave heights {Fs} or about lo-12 mcters maximum in the
case of a 1o meters maximum wave heipght or about © mcters for a
5 meter wave of resonance period. .

In the case armour blociks are too light, this means that arpour
will be lifted out and washed down by the downrush and left as a
deposit slope below the 2,0 Hs level or - in the case of a 1o neter
maximum wave - below rian lo te 12 meters. This process builds
up a platform of "debris” consisting of armour blocks usSually in
the lower most layers with seblayer material on the top, often
leaving cavities caused by the loose settling of the materigls.

A characteristle S-3lepe huilds up prquﬁting gn Iideal geomelry
for stabllity as mentiloned in pgreat detail in refs.l,2and & with-
reference to actual cases. See ligures 2,3, and 4, and Appendix 7,
Chapter 3. : :

Damgge~nictuﬁﬂ for Lift-outs at frzew el Dledid - The below
mentioned refers to the geomeiry or the damaged secticn, which is
described in great detail in the "Damaze Report of August, 1681 by
DHI and Christianl and lielsen. In the following these reports are
referred to as DARE?., hs a matter of ease for the reader, reference
is made mainly to ligures of the DAREP.

Ref.: Profile 4o, Firs. 2,8,0me of the characteristic profiles.
It has a plztformn between -le end =12 m and & deposlt sloce bhelow
-12 m. Cther profliles are more complex. Profile 7o B (p 23 of LARZE?,
nas some smaller platrferms crezted by deposits of Teirapodes down-
slope in.stairs or ridges, supgorting thp narnrial bewwhﬂ then,
giving a sawteeth geometry, Including "vertical" and “horizontal"
faces. This in turn has also caused the -foermatlon ol cavitles by b
ing ol blocks. The formatien of such cavitles, however, may 2isoc s
a secondary damage caused by the svetion out of loosely deposited
blocks washed out from above. Cavities are also known to be .formsd
in steep slcpes around the M.S.L. due to the lack df encugn ssaez-
ing forece from the bloecks above caused by incidental bridging. A
recent axample of that 1s found at the rock breakwater at franess
_1n Iceland, which had a 1lin 1,5 slope of 5-6 tons rock (ab. 3-%
meters storm waves). Several cavities have developed just above MSL
{%* meters tidal rznge}.

With rEFErence to several examples of platform location anag For—*
the DARE? Tinally recommends 2 platform profile. Profile E of the
report, Fc“ exgocutlon of the inltial repairs. Its profile fgllcus
largely the results of model studies. The platlform is 15 meters
wide and elevaticn is -5 meters. With reference to the later rmentic
fppondices 5 and £, on wave criteria, lnciuding wave trains of

particularly dangerous character, 1t 1s believed that the elevation
of the platform, wnere 1t 15 possible ahd not hampered by d=sposit.
slopes, ¢ould be lower, e.&. 2s indlcated, in fact, by the form-
ation.of such platform in profile E, filg. 5.1B. In such case the
piztform could raise from the cuter odge at -8 (-9} meters to -i5
meters in'the about 15 meters wide berm ta the %teoe of the urger
slope rounded up towards thils slope and supplied with iezrger Yy
blocks. In thls way the repair-profile would bocome more przct:czl
. and simulate the lab-profile, follouwing wave eection by © te £,5
meter waves,  better {rer prafile E, Fis 5.18). See later undar
1nitinl repairs.,
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The DAREP desceribes the condltion of the bloeks, which apparently
have been lirted up (and rolled down}. One may visualize that:
first the armour ¢ame down and next the the sublayers, with the
res2lt that sublayer materials (of reported less bloek size, BY,
as reguired) was placed on the top and in between the Tetrapocesl.

Looking at the deposit slope below the platform (Profile 4o, Fig.
2,E} and the size of blocks found in sa2ild slope; it seems quite
obvious thai the blociks In the uprer slepe were lifted up and
rolled dovwn. It is posslble - or even ilikely - that this was
caused -by & succession of larze waves and perhaps by sore "mammoth
waves", a5 such waves will cause the highest 1ift forces and also
"roll+down' -forces; resulting in the development of a berm. In .
ref.1l, hppendix git is shown, how such profile in fact simelates a
"step-profile" in beach morphology. Fig. 5 {ref. 1} shows, how 1t
was possible to construect & berm profile Tor a mound breakwater
from a beach profile. The importance of this 1s that it, thereby,
may be concluded that the mechanies of the feormation of the two
profiles is similar. That mezns the "Step” in the mound profile

. is actually formed Ly a deep downrush penetrating almost as deeg

. as the outer edge ol the term. Transrerring this to the cases in

=iArzew. el_Djedid_and to_Akraness, Iceland, it mezns that in the

- final prorfiles the outer edge of the berm shall be loczted ita 8

--to-lo meters at Arzew el Djedid ‘and at -5 meters in Alraness.

“<It 1111 '@ -so .in-the final Tepair profile in the Icelandic case.
Berm will be 8 meters wide in Iceland end slope 1 in lo giving
elevatioen - 4 m at the inner edge ol the berm 1o be rounded up.
towards the upper Slope. This 15 a practical geometry.

i i S ' - S - -

_.DAMAGES BY.SLIDES ~~. , '

“‘Genéral - There are two 'different-kind of slides. One is a =oil
meecnanic slide, which may talke place in-tne breziciater itselfl or
- below the breakwater that means a | soilis-break”. '

" Soils-fazilures in mounds are usually demonstrated as a slip-clirela

- “develorment, by which material on the top settles almost vertleally

. .down. Tnlis,e.g., happened during the 156G-ecarthguake with the

:—-Byeria.-farbour in.Eastern Venezuela. It is not very likely Lo gzour
outiide rmotential earthgralke areas, as e.g. AKraness, Iceland.
Another solls railure could be in the ground itsell, e.z. where

-rarlayer-of doft-materiel or low shear streangtnh is found below the

. breaxwater, as 1n the case of DCS BGCAS harbour in Mexice. In sucth

——fases peasuren agZainsgt slldes ney have to be tziten, e.g. by over—.

- - &ize toes fc counterpalance a slide caused by the weignt ol the

- breekwater trunk. This will be done st DOS Boeas, but mziniy to

‘. provide a4 £o0lid support for a surface’'slide or armour and irst

- -sublayer. Such slides may tzke place as a result of dowmrush

- --Toregs on an armour laver of relatively high friction due to -
protrading ele~ments and a too smooth =zurface of the [lrst subklar:zr.
This could ©.5. be caused by a too small. bleck slne of the [irsc
sublayver. Refs. %, 4, 5, and 8 give a [ull description.of this
and warn against such occurrences. Rel. & 18 included in Appendil:
3, rel. & a3 Appendix 7 (Chapter 7). Table 3.8 on p 215 of Appenii
7. explains the advantages of inclusion of W2 (half block size)
layep betiviacn the armour layer and the £first {standa-s) layaor.
Relfs. & and 3 {Azpendiz J and 7) sdvise on, how [irs:t sublayer =zF
be reughened to provide adejuate friction (Fig. §). A w2 layer,
however, i35 preferzble and receommenged by the US aArmy Corps of






Danare victure for slides a4 AR K'J FL DJFDID - With resoecet Lo the
two 'soil~slides’, tnere 15 no eviaence tnat such slides nave teaigen
place at Arzew el Djiedid. Refercnce is alsoc made to report by
Dames and Hoore on s0ils conditions in the breakwater line. The
distribution of bloclk sizes proves that. On the other hand, it is
obvious that "slides" along the slope have happened - partly as

" following 2 "1lift" (e.g. photo 1%). This is another

"the next move"
indtcation o, what actually happened during the storm, which

ceaused the flnal or major cullapse of Lhe breakwater at Arrzew el
DJedid

GRADUAL BREAKDOWN QR FAILURE DUE TD FATIGUE ‘

C'General - As explained in Appendix L1, p 262, thls 1s a result of
continued rocking of the blocks - which In turn in guch coge have
not been large enough to withstand uplift and shear~up-and-down-ush
forces. Such rocking may [inally cause a collapse, If not preperly
checked in time. It is possible to locate such rocking blecks by .

. visual cobservations of Dlocks during a calm weather period. It is
revecled by scars in the blecks. One can also "near" such movements
during a storm as clicking sounds from the breakwater. -

Damage nicture for Greduzl Breakdewm at Arzew e) Niedid. -~ It is
likely tnat sucn gradual breasdown nad sztartez belcre the blg storm.
During the construction period 1976 - 1978 waves exeeding 3 maters
were recorded ‘11 times. In April 78 waves were 5.0 to 6.0 meters.

KEFLECTTON FROM THE TACE OF THE WAVE ECREEN CAUSING STCUR

General - As explained in Appendix 1 (Fig. 1) waves or wave up,ush
striking a vertloal wall, like a wave seregn, may c2use sSevere sceour
in Tront of the wall, which 1n turn may be undermined and thereby
collapse. This has hapncned in numerous cases, e.g. recently at

Sitles, Portugal, Bilbao, Spain, Tripoli, Tripoli, and Akraness, Ize-
iand. : . .

Rel'iection and Scour at Afrzew el Djedid. - The DAREP shows a nunber
“of survers, iacl. Figs. 2.35,2.4 and 2.5 and a number ol ghotos 3, &,
9, 11, and 12, which elearly demonstrate the above mentioned cffect.
Another asseociated damage is described below.

-

UPLIfT FRESSUAZS ON CROWN SLAB AND CROWN BLOCKS

General - If the upper sections of the mound 1s highly permeabl e.
presszere by ugrish waters will penetrate the mound and exevrt aplift
. pressures on c¢rown slab and/or blocks -~ a5 well as pressures on the
armour of the Iinside slége, as it did at Akreneses in Icelang. The
result may be "bursts" or push-olts of these slabs or blocks and 2
resulting sericus damage. The worst situation ceocurs, 1f materizl
below the slab or blooks is alse eroded 2way, leaving the slzb or
blocks {hﬁicﬁ may bridjze or cantilever) free for direct uplirt. The
screen may then tumble over after having suffered damages, or it wzy
turn over as a wnole and suffer damages thereby..






Uplift Precsures on Crown ot firzew ) Djedid. - Humerous surveys a-
pnotos, incl. the above mentioned and ghotos 1, 5, and 7 bear wits-
ness of one of the main reasons for the collapse of the c¢rown.
Heavy overruns have contributed hereto. The concrete seans to have
been up to reculred standards.

OVERWASHES OF THZ CROWH .

Ceneral - Uprun or uprush on a 4/% slope af Teurapades will accord-

ing to experiments (ref. 17 and Appendix ’} reach up about 1- Hn on
the slope.

Overvwashes at Arzew el Diedid - As waves of 9-1c meters height mz
have, or probably have, been integrated in wave trains during t“n
Dec. 28-29, 1990 storm, and such waves may cause a 9 meter uprush,
{rers. 2, %, 14, ana 24} it is no wonder that the itall with its
wave screen at +? S m has been overtopnped in sSome instances consildsa
ably. Int aductor}ly the mound in rront ol the screen seltled, ex-
posing the sereen s vertilcal wall. Uprush then continued eroding in
- front of the screen, at the same time as extreme uprushes hit the
.wall very hard causing high oversplashes, which came down with zresz

Z power on the slab inside the screen, probably damaging the 1ﬁs*de
"slope at the same time. This situaticn wersened, when the wave sere:
T Tinally tumbled cver Selference 1s made to ref. 3, Appendix 1, and
refs. 12, 1%, and 17, ' .

b3

.3CQuR OF THE EBOTTCH IN FRONT OF THE MOUND

General - If the mound is located in reWatively shallow yater, hea:-

wave action, Including reflections and deap dowmrushes, may cause
“scour of the bottom in front of the mound, particularly if tne
“material is very fine sand or silt with 11ttle coheslon. The szour,

hovever, may be coverad up-at the end-af the storm. There are Teuw

cases, whe“e such events have caused 2ny real damage To mounds - &rn
Tin ¢ase, only in very snallew water, wiere a longshore current

assisted in carrying the erocded raterlal away, uhﬁ.ﬂb; deepening
the scour hule-”_ . ’

- . - . PR - -

Scour of the Bottom in front of the Mound at Azew el D1ed d - Thn
1s no evidenze that sucn scour has OCCUPP“L, altnough - most llke
it has beoh sohe scour-at the extreme ends of the breaﬁﬂater, whi
may have damaged the toeg structure. - et

e
-t
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-
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DEFECTS IN THE. EQUALLESS OF THE MATERIALS USED FOW CONSTRUCTIOW

“ General - It is a definite requirement to be fulfilled for marine
constructlion works that all materilals must be able to withstand the
corroding and detericorating agents in seswater. Rel. 21 lists
rejuiremnents to all mgaterizls involved in marine egnstruction. I
the materials used include substances, whileh mey boe damaged by ===
water, counter measures, live ouzzelan,and various admixtures muss
.be added. The rejuirement to density of the conerete 1s absolute.

Fo] -
C=

" Natural) rock is not alwavs as dense as desirable, and it may alss
be som?unat siratified due to high pressures andfor sedimentary
origin. Vulecdonic rock is sometinmes very dense and heavy {3,% sneel?
Eravity)} and -sometimes filied vith holes and less densc lavers, a.o
of hardened vulcanic bombs or aah {2,0 qnecific grﬁvit;] All
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Defect.s in Lhe Soundniess of thﬂ.Haterialr usagd Tor #ﬂn Lractlion

et Arzow el Diedid - Referenee is made to the DAREP. There are
no direct complai“ on concrete standarcs., The © H report states
that econcrete qual *Lx was satisfactorily. The conerete blocks and
the wave screen would uncdoubltedly have broken or ruptured regard-
less of concrete guallty.

There are,: however, several remarﬂs, vwhiech refer to the sublayers,
incl. -"Un bon nembre fut juge comme étant plus, pet;tu ouﬂEF”Hﬂé
p 2B, anc¢ p 29}, "les roches parsicsant avoir 2té cassées, car il
y a de nonbreux Fragswments gont les ;D“ﬂEs correscondent’ (p FE)

les roches HC, si elles existent, sont evidement ensevel tos' {p ,J)
ete,, iﬁClUdiF” remarizs or information, which refers %o "workmans:h
or "controls" rather than to health or soundness of materials, The
combined DHI and. C Y_{DARZP) report mentions fractures in the rock,
winlch cue To ¢helical and perhaps mainly physiczl develorment, hags
made it diffiecult to produce large rock, like p lok, "Il est evident
que cetie structure rend difficile de produire de trés. grosses roches
et diminze lz resistance des roches produites.” As rpentioned on' o ¢35
the roeclk hzs sulfered further by the Va“lﬂJS handliing procedures
inclucding 1 to 2 n chutes, conseguently "les rapports mensuels ce
Parsons ne nt*O““EPt egalement souvent un déficit de roches HC pzqcer*
les travgux (p i03). This deficit may have been corrected, nowever

- - - TEm o o — —_ - —

WORMIMANSHIP

General - This important subject ié dealt wifﬁ in detail in refs,. 3,
E? &, and 21. Reference &4 is included in Appendix 3.

No-reason-1s seen;—at this- oppo“tunit;, to- repeqt a numher of
mandhto“y and-accegted rules-or qdaxdﬂ for pood workmansinipe. The
reguirament to aae_uave and: able sune“v :sion 1s-absolute. Th;s:is :
aften, wiren things actually .went wrong. ' T .

Workmanshio at &rzey el Djedid - Reference is made to a number of
statements in DARZP, of which a few are repeated below:

D 20: "Hormis les bloes B5 qul on dévalé le taius comme indig:
; ¥+-- _:rsur certaines Tigures; on trouve une certaine guanti e
oTT F CTde déchets’ pravenant de la cohstruction,-ainsi des -
;;Lf'J i décheus ae betcn, dEa avrcﬁaus, des coffrage,-des rouds
h--:“ e armatu"e, photo 25.

EE.L"Il v a bcn ncmbre” 4’ etewp‘es de roches cas5ees dans
. "la premidre scus-couche, ¢ar 1] y a des Iragments dont
"les faormes corresheondent. Cegendant ces degats nourrai

— — e e 11—

_av01r en lTbu pendent'ia const ructinn T e

— - - - —_—-—— .

Tm  w A - - - re -- - -

1o
e

=
ar’s

--}:b_3g:i50uvenb, auvcune roche de butée n'est’ trouvee {par exama
~ + les ‘profil% 2, Zo, 57B eb. 63B) ou 11ls se trouvenbt consl
ment enterres (par-exemple.les profiles 20A et 25a).]

p.35: ."Les rocnes HC, si elles existent, sont evidement ensgvells

{p 63 - B5 of 4 to & ts is placed on Bl of 0.2 - 1.0 ts. 0.2
should probably have been 0.4 L, P. Eruun)

=
-

1
-
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DﬁHﬁGE 0 IMNSIDE SLOPES

General - When heavy aver .arhes occur, the water will come deown on
the c¢rown and the inside with great power (refs. 3 and 14). This is
particularly true, if or when the wave screen collapses.

The slecpes may also be damaged, i water penecrates »hraugh thc
upper permeable crown and exert pressure on the armour of the inner
slope, as it haprened at Akraness in Iceland.

Damzre to inside sloctes a2t Arcew =21 Dijedid - The condition of the -
inner sleope 1s geseribed in detail in the DAREP, inecluding Figs. 2,€.
2.10, 2.11, 2.12, 2.13, 2.14, 2,15, and 2.106 and numerocus photos
incl., 21, 22, 24, 25, and 25. The effect of the impact of the
falling water is obvious frem these [igures. Rock materdal in tne
upper slope has been ercded and left in the lower slope, e.g.
Figs. 2.13% and 2.1%. Cencrete and roclk debris has heen carried aver
the damaged crown and left in the inner slope. This has - as in the
outer slope - created some cavities in the confused mixtures of 35
{slided down from the top of the slope) BY, B3,. and Bl rocks. Tne
hottom ocutside the slope, however, does not seem to have been ercded.

The excess materlials in some profliles, e.g. No. 51, Fig..2.13, may
be traced to deficits-.of materials in the outer slope.

DAMAGE TO EXTH:AE DS OF BREAKWATERS

Generzl - This topie is not dealt with specifically in ref. 3, but

iz mentioned in refs. 2, Chapter 3, and in rel. 2% with referenca

vo experiments. It I3 well known from experiments a:d field
experiences that the extreme end of a breakwater has to be reinforeed
by largser blecks (up to twice the weighnt of trunk blocks]. Tne

rreason for that 1s that heavy overwashes at the extreme end wili
attacl: the armour horizontslly in an eypused ccnditirn 2% the armcur
is not backed by breakwater trunls. Severe domzzes Lo brealtwater

heads heve been experienced Iin numerous cases, some of the most
serious on the Hawaiian Islands, due to the grazt horizqntal power
"in waves of periods 15 to 2% sec. Bloecks in the extreme ends are
thereoy Ha shed cut fopr deponsit inside, often in an elnngauec mound
-like 2 "recurved splt" in coaste) geomorshology (rer. 8, Appendix 7,
Chapter 7). Anvr advantage assoclated with the use of multilegsed
blocks thereby vanishes.

Fig. 7 (relf. 25) shows, how such case was handled at 'a harbour at
Sgrvar in the Horthern pari of Norway located in the Lopp Sea,

KNorih Atlantic. The very exrvesed head at Sgrver harbour hzd sulffered
numerozs gdamages. Based on old Danish experiences, a2.g. &t the old
harbours at Sikagen ang Frederiksnava in Northern Jutland znd mocdel
Lests in Horwaw'{ref 25} the head was rebuilt lo years agc by
curving the Jetty head ocutwerd z2nd providing it with a strong toe.
This cuilay hzs the {following advaniages. It gives:

{1) Higher stabllity of the head. Blocks in "ecorner”
are locked in. Slides are supported by the toe-berm.

(2} Betier and safer navigatilon conditions in the entrarn:
due to "simooth" diffrzetion pattern along the head.

Tnis, of course, is of mejor importance for nmallevr
essels., .

() Ho concéntraticn'gr wave aclion in front of the head
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{h) Ho cutwash of materials into the entrance endanger-
ing navigation.

Ho damhscg have happened at 3grvar following the rec0h4truction of
the head as expliéined above. -

Damapge LYo extreme Ends at Arzew el Dledid. - Both ends West and
East, nhave sur'lered very severe damages as described in DARLEP

with references to Figs. 2.2, 2.5, 2.17, 2.13, and 2.19 and Phctos -
28, 29, 3o, 31, and 66 to 72. The damage plciture conforps wWell with
the pgeneral pleture described above: armour and sublayers wasSned
out and deposited inside in an elongated spit, 2nd sublayer exposcd
(Fig. 2.17) and debris of -armour and {irst sublayer deposited down
slope (Figq. 2.15 and 2.17). The geemetry (iayout) and siructural
design of the head has definigely not been adeguacte. The head was
“turned inward instead of outward (as recommended by the undersigned
for Tetra Tech and Parsons in 1€75). The armour blocks were. too
smell. 1f the n2ad had been turned ocuiward as recommended, the
damage, srithout cny deoubt, would have been less. IT the available
equipment was unable £to handle heavier bleocks, the bhlocks could,

i1n an emergency, have been tiled tohether by chains or cables, &5
used in breakwater heads in Northern Norway with Eocod results. Cther
‘patents exist for tying blocks-together.

-1

REASCONS FOR DANAGES BY WAVD ACTICM -

General - Damages to breakwaters are, with the exception of such
damagez, Wwnich are caused by seismic.action or soils-breaks or
both, always causced vy wave action, whiecn is the main eriteriz Tor
the design ol breakwaters of any kind. It is.therefore mandatorpy
that adegquate wave data are available for design:

Refl. 6 mentions "Rationel Engineering Design" and 1ts Table 1is’
reprinted beloyw as Table 4.

Table . EHEHFWHT ERS ENGIPEtHING RATICNAL DESIGN FRIHCIPLES_(PET- 6)_
" by Per Bruua

GOAL: - - A stable and economic design, all factors considered.
CL Minimum adverse effects on the environment. Design
shall te preztiezl in 2ll respects, easy- to bulld and

easy to maintain. .

EARLIZR' AND FRESENT PRACTICES  NEM PRACTICES

Data used: Wave spectra Data to be uced: Materizls and
' Extreme wave eguingnt aveilable foT con-
heights ’ struection.
- ) Wave conditions of mosv doanger-
"Design wave' ‘ous character for stability c”

structure. :

Probabjility and risks UL'GCCU“—
. . ence of such conditions.,

e Aee . Treamimdnan Tmrcirn Prooedure: Ontimizaticon of






Structural desiecn based on
formuiltas and cmodels consider-
ing armour layer, uprush and
overrun only.

Solls investigatlons 1im1ted
te founcatlion econditions.
Constructlon proncdures and.
condltions usually negleeted
in models.

No operational data for
constructlon secured.

Result: Contractors may surgest
thelr own design based on
their own expepriences and

quipment and possibility of

.. 8successiul competition.
Unreliable **ﬂe schedules
“during construction.

T“Unexpe tedy errztic breafdGWﬁs

"TTExcessive rraintenance.

» Unéxpected "influence by
structure on the -anvironment.

:Heault

. 1!; -

Yntroductory matherctical desipn
models with inputs from all date
secured and comparalive experi-
ences, i possible.
Hydrauliec rmodels based on the
results of physicel znalyses in-
cluding structural evaluaticn of
overall as well as unit stabilit:
breakdown patterns, maintenzance
evaluatlon, interior ind exter-
ior soil mechanies.
Constructionzl and operational
criteria: Period of construction
- risks and overall econcmy.

ODptimized design of maximu:
tablility and economy, all aspaec
considered.

Heliable time schedules. R11-
influences on the environment pr
dicted, considered and accepted
with the necessary correciive

steps.-

Hydrodynanles:

bructurals
' - . -7 "'Unit stability

o Maintenance
M -:;:-__'h Economy
Soil hecanics =
jEnvirﬂnment:u?:-
e _... _environment.
COﬂSt“UCuiUn ‘Practicgal.

HESEARCH mm ENGTNEERING

Wave conditicns cri eria for utability and oue*ati»
‘Overall stability-

- Exte“iﬁr as well ‘as interier stability.
-Influence of structure and coﬁsuruction onn the

Adherence to design, canacity 2nd time.

Controls before, during, and alter EﬂnprUﬂbiODS.

Coordination.

o _Reserve capacity available,

. Future eynansinws must be considered and discussed-:




3 - ) . . |
It distinfuises between "Earlier znd Present Practices” and "lew
Practices". 1t calls to the attention, as mentioned carlier in
relf. 20 by the Internatiecnal PIARNGC Committee, that "Spectra” and
"Spectral similerity” 1s inadaguate for design. Refs. 8, 1%, and
22 and Appendix 7, Chapter ? zive considerable informatlon on
this topic and advise that "wave eonditicnq af oSt dangcreus
character. for stability of the structure” and "Bisk Analyses" shall
be used for design, {refs. B, Appendix 7 and ref. 12}.

Rer &, App. 7, give in Table 3.9 p 219 an example on how such
analyses may be carried out considering wave steernens and their
Prohahllities At thnis time (19El) several results of reseurch on .
"Wave Grouping" (refs. le and 22) and "Jumps in Wave Helghts (ref.lol
are available. IY has, however, been some difficulties with dis-
semination and pub115ning of' such information {or general use. As
an exaznple: a Dutch report from 1080 on & large breakwater in ilexiec
does not include "sezucnces of waves". The planned new tests, however
w1ll include such waves. Speelal wave gfoups were observed in the
records for 3Sines in Portugal by Bruun and Grinbzk. Tests have bezn
and will be run on Sines using such groups in Canada as well as in
Holland. Likewise speclal sejuences were observed in Iceland. and
tests on the Axraness damage are run with such secuences.

Ta. give the reader a complete picture of the necessity of running
sush tests, Agnmendix 5 was produced in accordancs with discussicon,
which Ltcok place during and after the 5th POAC (Port and Ocean,
atiec Cenditiens Committee) conference in Trendheim, Norway in

7“ {part of material, 1980}. Reference is made to the Proceedings
ifrcm the FOAC con*erence, published by the Horvwegian Institute of
Technology in 1980 a2nd to Froceedings of the Breezlawater Seminar =2t
Santander, Scain, 10fo. A copy of the Santander Proceedings, which
is referred o in several instances in this PEpOPt is enclosed g5.
Appendlx } ) ) ) L. T

-

WAVE CBITERIR %DR TESTS ON THE ARZEW EL DJEDID PROJECT

The situaticn is that tests..on-the breakvwater were run by DHI belore
or in 1977. It was in 1975 that PIENC first published ite radical
new rezommendation for the design of mound and other Dreaziwalers
{ref. 22} and it took zuite a while, before these new principles
were znown and desizners started to fecllow PIANC's recommendations.

These new principles are fully rezlized by DHI, but at the time of
the DARZ® no analyses ol data following the new desizgn principles
Wwere avallable, conseguently ne testing accordingly. This, however,
is suggested [or the tests to Collow.

SUMMARY ON REASONS FOR DAMAGES AT ARZEJ EL DJEDID

THE COLLAPSE of a breakwater of multilessed or other blernks may have
WAVE MECHANICS, STRUMTUHﬂL or MIXED WAVE MECHAMNICS and STHuﬁTURnL
REASONS;

re: YWAVE MECHINICS REASONS:

(1). Although tested with waves recorded from a bouy located soms
distance from the breakwater the date may neot be fully reprasant-
ative for the wave condition occurring all the way aleng the

e
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) brealktwater right in front of 1t. Spialler irregularities in bottom
- tgpography may at some polints in front of the breakwater cause
combinations of waves, wnieh are higher or losger than the recorged
waves. Refrastion analyses by ©HMI have shown that waves may be 5%
higher at some places along the breakwater,

(2) S-dimensionel effects may also arise due to the history of the
storm, which may cause very pezlted, hiph, short-crested waves -
as it e.g. happens in the Horth Sez. To account for that model
experiment should also be carried cut A-dimensionally. Ccm;i“nc
vave actien may be determined by hindecasting of a2 storm's time

history, and S-dimensicnal tests are therefore also included in
the further test-program. :

(3} Extreme wave helght tests, when the extreme heiphts znd thelr
distributicn must be determined, are necessary. The 1976/77 LHI
reports use a logarithmic extrapolation. The DAREP extrapolaltes
by a Gumbel distr-iburion, which 1s uszed for probability analyses
‘to deternine eXeedances, but not for design of sequences of
particular dangerous character, as detalled wave analyses needed
-for such design, have not been underteken - so fer.- )

(L) Tne “storm whicn eeeurred, may "Al%6, as a” whole’ have bgnessed the
reccrded storns, fnel. the “desipn storm™ in streneth, beca
recordinsg period was too short. Two or three years ef‘record;eg,

= i of eourse, is not enough for a fully relizble statistic. According
‘ te Fig. 5.1 of the DARSP the storm of Dea. 28-20, 10Pe scems To
-~~~ heve exeeded by approximateiy 1 meter other sperms on regerd singe
— :1976. But it corresponded te the hindcasted storm of 6,5 m (Hs)
With 144 probﬂb11ieJ for 5-years- 0c04rrence(Table k.5, p 62}, for

o ehieh esL beve been Tun.. (:ig 4.8, p 5f] Hith VEFJ limitec-
‘damage enly. T "i‘_f"'

(5) The pccurrence of -specilal denrereus comblnations er waves including
1ene ‘mountencus waves, onps or LWo, 4 phenowmena, which recently havs
become known, must, however, be censidered and included 1n th
Lest program; sSo must "jump-in waves" (ref. lo). Their effect is a
Tifting ol ‘the zrpour -laver, weakening its stability: for-any wave,

———unich.arrives inpediately after the long wave, The lecng waves caugs2

& decdrease of the. Trietion force hetween armour and the lst. sub-

layer, s¢ that ‘it gives way or slides ‘easier.. Purthernore it gener-

ates 3 deéép downrush, There is-no direect prool that such waves of
speeial ang .very dangerous ehereeter have accurred but they apgear
-WAVE-CECOTLS. e, ‘_:rcm _§i¥es, Foriugn), Dos Eocas, kMexieo, ani

'ﬂkreneqs, ‘Iceland.. “Rererence is.made to mecent {August 1981} pagers

by Hﬁuuq and Moe (ref. 9) and by Pleugh {ref 22). . -

‘As elready meﬂtlened it hee beeﬁ deeided to analyse existing wave
- ‘recerds with raspect to "special waves". The-results will then be
used for further testing.







STRUCTURAL REASONS FOR DAMAGES

Overall Effects - The design, which 1s tested, 15 supposed to be
Tollovwed in the construction. The question always is, whether

this was done in pracitiece. As mentioned above the DAREP .spepkc
about deficiences in qualities as well as quallties of the material
found in the breakwater.

A common reason for damage is that the porosity of the lst. sub-
layer is too small compared te {or smaller than} the poresity of .an
armour laver. The result 1s thst static pressures, which build up
in the mound due To wave uprush, now become higher then assumed or
accounted for in the. design, and thls has an adverse eiflfect on the
stability {(rer. 1, Appendix 2). The porosity of the Tetrapode
armour is about 45%. The question 1is, whether gradaticon or place-
ment of the sublayers makes the porosisy smaller than it was
supposed to be. The Bl layer had often Lo0 small grain sizes, and
Bl material may nave penetrateé into the BY and BS layers The

tvwo classes of reck are found mixed. '

The sublayer is alse designed to be placed Iin an even layer with
little variance in thickness and with a plane slope. S¢ 1s place-
ment of the armpour layer supposed to be. The obvious guestion is:
Was this actuzlly done ? In the case of damages, were placement-
procedures the.same threooghout construction, or were they changed?
Certain chkanges in the placement of blocks were made durlng Lhn
gonstruetion of the Arzew el Djedid breakwater {more "regular” %o

"pell-mell"). This raises the cuesticn of, whether it is possiblie
'ta trace any connection betyeen cpange of procedures 2r pluacetiont
and the damzge, which teool place. The situation’ is that construction
procedures for the middle, heavy damaged part of the breakwatier
actually were changsd 2s describe¢ above, btut it is not possible to
give any definite answer to the possibllities-of further damage for
that resason. - .

‘Another question is: Did the contractor use guarry rock to even
"beautify" the surface of the 1st sublayer, thereby decreasing

its porosity zad making it smcother, in this way also decreasing

the resistance against 31iding. There is no evidepnce o Lhat,
‘however. But compatable porositles between layers are very ivpcptant:

With respeect to the armour, it is mendatory that it is well placed
in an even layer with an even slope. If this is not done well
enough, 3-dimensional effects may arise, wirlen will influence the
stabiltity adversely., The sossibility, of course, also exists that
pn adverse wave cendition secvrs at the same place, where ancewewt
cf armour avnd/cr subleyer is less adejguate. IT the Ist sublayer 1s
too smoath, ﬂl‘ding could take place, if the mound 1s attacked by

a long wave-which, by swamping cof the mound, tizkes riction between
armour and sub1a3er o small that failure as one compact layer may
result. Reculred laver thiekness, of course, mest be respected as
wel)l as grain size distriputlons. In this resgect the DARLEP reporTt
Eives scme adverse information. 4s mentioned earlier it is ﬂtﬂted
several times {p 28, p 25, 29) that rock size is spmaller than
stipulated, mzinly for the Bl znd B4 fractions.

-,
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The HC large size fraction was somctimes hord to find (p 39), and
ome of the rociis were frapmented (p 22). As the coverlayer of
Tetrapodes rested onn B4, which rested on Bl, it mey have been
leakages of reck D’ througn the Tetrapnodes and possibly also leaks
of Bl througn B4%. ALt the same time the BY layer presented a smocther
surf&ce against the Tetirarodes than assumed. This clrcumstance
hzs - at least - wealcened the design. Photo o may also leave an
inFESulﬂﬂ of poor contact betweon armour and first sublayer.

The DARZEP describes, how diffiecult it was to find remnants or .
evidences of the toe built up of armour HC.(on B2 and Bl) m:uterials
(p 30, p3d). This, of course, wmay be a2 result of the general
collapse, by which HC rock was covered up by other material, includ-
ing Tetrapodes and B4 and Bl. A single remark on p 2o "Au prefil
154, une roche HC fut trouvée cassée en § Irapments (voir phobos

57, 58 et 69)" may be descriptive of the sitvation, actually [ound.
Iv 15 difficult to place =3 tne of the dlmensicn reccmnended end
therefore likely that the "theorctical profilte", Fig. 4.5, has
remained "theoretical". This nappens guite often. "1t was, however,
gifficult to get larger rocks, particularly HC, Trom the guarry,

as pentioned earlier. -

Tﬁerelis no sign of slip ci“cle failure, nelther of any deep toe’
SQour.

-—— v e m

erizgls
rcnv=st *qiq 1. exnres=eﬂ ot - p 69 es:-"L' EbLhE -des profils t"Ea
endowmegeeq d'apris les reconnaissances cffeauueed ﬁar 1a SOMATZAN
a-indizué un zrand cerlcit de HELLIAGMA \rUhNES ES t“ﬂ:cdes‘ X o
.rapport au profile thearinue ¢u projet” SR -

"Dn srenargue egalcment n' ont pas trouve durawt leur inspection dﬁ
cdté, exterieur du brise - lames. de. roghes HC, (plus de lo tonnes}"

"Ce déricit en materiaux ne pnuvant a e*ﬂe s eap1iauer par
1'effect de la ,tempéte, les conseguences d un tel deficit pour ia

stahilite de 1’ ouvvage 001vent etre examinees au cas, ou ie deficitg -
exlsteit avant ls tempete.’ :

Partaﬂt de c tte hypothese, le profil No 1 (“15 h, G} est sugpose
Pep“ﬂaEﬂtEF a configuration. ce oECtl ns actupllem=nt bres encunma—
ghes- avant, la tenpete de Tin necenbr‘e 191:: - TR

e = - E—— A

"The canclusionwof the tests run on. Drnfile Pig‘ h 9 (p 70 of
Dﬁﬂ“?) reads: "Le dernier profil teste {avec deficit de materizuw }

—£5%.moin st‘b‘el*ue ‘e profile théorizue” - "Il n eat pas probadle
qu un defleit en materiaux Soit laseule et pEUM-LuPE menc pas 1a’
principale CGUEE ‘des dommages accasqionnns al' auv;age

-y = -——r [ -

The deficits mentioned are undoubtedl; in- part a result of soze
settlinge, which could be expected under zl)l circumstances. They
are, nowWever, scmetimes of sush magnitude that the yuestion ariges
of, whether the materlals have been availpble in the profile 2=
cdeliveved upon the end of consiruction. This cuestion can ‘only be

S answerad with reference to the profiles surveyed ismediately upon
completion of the work. Some settlings - of"limited order - wilil
alh ays talie place, however. -
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If material washed out below the armour, settlings would tale place
{as evidenced clearly From the surveys, imecl. Photeo 8). 0n p 15

it is gc“crlbvﬂf HDH aprus la temndte, euvirc? 120 Lntrqpoded
disponibl® ont ete pose sur la partie EZst de 1 Guvraze .

The wave Screen In itselfl has "been respan¢1b1e Tor the scour in
Tront of 1%, (exactly as in the cases of Sifres, Portugzl, Bilbao,
Spain, and 2krzness, Iceland) with the follgwing collapsn of the
scereen and heavy dasmapges Lo .the CTovn ir Sines.

As it has Dbeen impossible to investigate The condltion of the core-
riil, thﬂre 1s no other answer to the question than the super-
visian s dEﬂlinHJ or approval of the core material used, -

"An indicatlon of a substandard core 111 may be traced by observing
the place, where settlings start. Settlings will come first, where
water movements caused oy Tluctuations In pressure, are maximum,
and this is where uprush/dewmrusn give mardimum deviations in
pressure. In'that case this could heppen gartly in front of the
wave screen and gartly, where downrush pezetrabtes deepest. Thic
happens, as mentioned earlier, when uprush/dewnrush period is equal
or close to the wave period, or at “"resonance" (ref. 1, Appendix 2,

refs. 2, & (app. T7) and 20). -

Structural Sowundness of the Armour Tavers of Tetrasodes

at ‘Arzew el Diadid - The DAREP mentions tLhic extensive danages cn
Tetren GLES, zsending. from the topn of the mound (Dhﬁtns g, 1c, 11,
T12, 13) £ the ‘“”C“ dluﬁe and base of the mound {chotus 50,_§l, 33
57, 35) and numercus profiles, example: Fig. 28, p 25 says: "Molgrs
qu 11 ¥ 2it unz double (et guelquefois triple) couche de Tetracodes

sour toute iz ioncueur du profil, il y a &= nomtreux signes ce
degats. Le . p“"rcﬁuh$“ ce Tetrapcdes endomz=geés dans la couche
supe“*eure va Jusiu a loo, et diminue toujsurs dans 1035 COuUTRES

. inférieures {par example oP sur le profil 7oB, S& sur le profil
-698,—2c% sur le- p“orfx_ﬂh) - Further: "Un grand nombre de ces
Tetrapodes ont ziissée le long du nrofil en laissant des carnss
ewcashrees plus tout sur. le talus. D'autres montrent des signez de
debﬁtt evidement caus tes’ par ie choe de corps 501 des eIl mouvanent,

La premiére sous-couche Sous lEa Tetrazpodes comporte des signes

dE’mDhVEﬁ“nuS cul ont enlisu apreés la pose des TEurapDﬂES

These Tindings explain the mechanics.of the breakdoun. Bleocks wera
- Llifted out - some perhaps after having be=n exposed to chocits -

of the moungd z2nd rolled down. During this oroeess they were excesad

to strong inertia forces and bumped 2g2irst each other and agninss
. “XThe subtayer. Tome blocks apparenily were damaged before the =torm

fnormal for = Tetrzpode-mounz). Other blociks bear wittness of
 having -rubbed against each other. This means that they were nov

large enough to avoid movements - before the storm.

Maltil=ggead blocxs, ineluding Tetrapedes have failed In other .
mauwdq, e.g. Tripoll (TeLraDoﬂes], Slqes, and ‘8t. Cyprian (Dalz<).
Wave rforces have been the main rezson In the two lformer cases, Wiil
.concrete nualities zZeem to have played a role in the case ol the

St. Cyprian-breatiwater. There 15 no report on substandard ca10“etc
at Arzew 2ol Djeds

COMCLUSION RES-GNIT STABILITY. ARZEW EL DJEDID.

Recent Tailures of sinzle struntnmal alamanbe $n sacoeds af ol ed






(1) The econcrete in the bloeks was aﬁtually too weak and below
regjulred conerete qualit; - Ko evidence repa“tnd at thils tire.

{2) The blocks have bLeen mistreated during the placement, which
resulted in too m;n; ¢racits and brealtages. - There zcpears to
be some evidence of that. Dumpings or chutings have been too

hard in Scme cases.

{3) The bloclks were too small and therelfore vere subjeet to moverz=z
- epausing bending forceﬁ, which broke uhe blnckS. ~ There 1s amzle
evidence of that.

(4) The blocks were not strong enough Lo carry the lead of overlaiz

blocks in situ. This is a severe, but a2ctually cccurring reascn,
for failures. - There is no evidence of that.

{5) The blocks, althougn they were strong enough to carry the lezé
in sigtu, were unable to carry the leoad by combined unit weignz;
whether boyant or not, plus the load caused by downruczh thav
exerted pressures on a large number of blocks, which possibly
were . 1ilTted up high enough to disrupt any intimate connectico
wiith the sublayer, thereu; increasing compression forces due T2
loss of Irictions. - This may be 2 main reason for the failure
.at Arzew el DJedid. So 1t 15 at St. Cyprian in Spain. 1

(6) Bloeks were, during placement, out in jammed positions due t o

' misundersiood attempbts of m kiﬁg the armour layer more dens -
This happens aliways and 1t i also evident in this case, buu oS
excessively. - :

{7} The materials, uwhich were used far nasting of the bleosks,
Ineluded chemieczl elements with deteriovating effezts on the
cement, which gradually was dissolved, resulting in disintegrz—-

*.ion of the conzrete. - There-is no evidence.ol that. |

Structural S~undness of Sublaverg and Core FI1l In the

Brealwater at 2vzew el Diedid - The settlings and movements of o
outer sloge, and vo ftome eXtent also the inner slope of the brezi:
water, may be taken as an indication that inadeguate gralp sizes
mzy have a vrespoasibility for the collapse with respect to armour
as well as sublayers. This helds true, whether defiencies in

- guantities of materizls are correct or nat. <

1 &h

The guestioneble soundness of Some materiuls used will of course
have contributed hereto (p 25, p 32, photes 39, %1, and 63). Some
of the rock materials, however, as men{ioned earlier, suffered
breakages during placement due ua too hard dumpings {chuting}. T:is
hzppens cuite often. Core Tiil orten ingcludes too many [ines,- Waial-
gradually may wash out. Such wash-out may have happencd in thic caze
during the collapse stage, but does not a2ppear to be precominant. _

CONCLUSICN ON ! REASON FOHLDQH%G“S AT ARZEW EL DJEDID

Damages haprHEL during a storm on Dez. 28-29, 19Zo dE4ﬂrlbﬂu b

" DHT in pre iminary report nf June, 195l and in the DAREP of JL;;!-,
“Aug,., 1981






Modeld tcatq performed be?are the structhre Wwas built showed thot

the design ~ 1f bullt accerding to plans - would withstand wave
action as recorded, cor predicted. .

Model tests performed recently were based on hindecast wave data
from the Dec. 22-29 storm and extrassclated date as described in
the DHI presress report znd in the DAREP. - bodels on particularly
danpgerous waves, incl. deep throughs and nigh lonke crests, as wall
as certain sequences-ol large waves, have not been undertaken ot

- this time. Some of these waves may, nowever, have been "hidden" i=
the spoetra used Tor testing. Based cn 2ll available inforcztion
the following possibilities for damages seem to exist:

WAVE ACTION -

A Inadequate vave data. Tne time period of recnrding has simaly
not been, and could not be, long enocugh to develop 2 fully
reliable long-tern and extreme height st tistics for stornm
wave action.

B. The place of rec crdinﬁ may not have been fully “Eliable in

' respect Lo representation of data zlong the breakwater, wnen
wave action, most likely, will.undergo some charges. So lar

L+ little dEViﬂtion (ab. 3%) has been estimated by-diagrams:

C.. Long wave el lects,. and the effects of dangerous seguences, aceorc
ing to availeable analyses.

D. 3-direnslionzil.effects, which according to experience may bz v
detrimental to the stebility of multilegged blocks in particu

Superficial placement could 21so cause a-dimensional erfects

of adverse charzzter,. - )

 ETRUCTURAL STASITITY. OVERALL

E. Variznges in tnicuness of the arnour layer andfor poor plac ment
blocis. Therz 15 some evidence of that.
F. Poor [riction cconnection bhetween armour and lst. sublayer. -
- This is likely to have oecurred, zs lst. layer as well as Znd.
. sublaver were smzller than they were supposed Lo be,
G. 1st! s"blaae“ has majer varlances in thickness, frigtion anufo“
.. porosity. This. may.be caused by chanzges in constructicn practice
during the construction. The Zuestion: "Is there a dependency
. between damazes and constructicn work as it "gsrooceeded" - naz nes
been answered 2t this t*ne, but chaqges nf cansbruct;oﬁ proctics
dld taike place.
-H..Is there any sizn eof d_ma ¢ to the tee 7 If this is the case, ths
toe may have deen week in the start, or the toe was damaged, whner
the uprer part of the structure collapsed. Is it possible to sfee.
1f the toe is'still intact-regardless of dampges To the upper -
structure? Is it zlways QK Bt the non-damaged section of the bres
» amater ? Thne guestion may be answered as follows: There 1s liuzls
evidence ol the existence of 2 toe-structure, bub the toe may na-
been burisd in debris from the collepse, oy 1L may have vaniisnel
during the ecenstruction, simply because of its {too) limitel =I::
"I. Is thare 2ny sign of settling of the structure with particulcor
relference to the upper rart ol Tthe sloge, by uvhich the.wave Ho0L
was exposed on z scetion high enough to cause fresjuent relleztil:
of u;rush. thereby doanere w0 the ~rrmour. If setilings have Lainen
place, Lhe reason could be: a) wasn out of too small particles
included in the 15t. fublayer or b) core fill has Included too

—_—mar (P L T A R T e N L e R L TR N TR LR R LT LN S L T o4~
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—— -~ = - - probably was the ma2in rcason for the fzilures in the 3t.

-

(a) initial deficits

(b)Y outwash of materials, mainly
subleyer and coreg rill.

The surveys made dETDnbLPEtE thzt some initial deliclts-zre lively
and thzt some materials mey have been washed out through the Teira-
pode armour, as lst. sublayer material was smaller than reguired.
Surveys after completlon of works, however, are not avajilable.

STRUCTURAL STABILITY. UNIT

Regarding unit. sounﬂness the situation is that many broken armour
blocks have been found. There are 3 possibilities for these breax-
ages: - : .
11: blocks wWere already brolen or damaged during placemant. -
This undoubtedly haﬁ!happened.'It always does. .

i
1,1 blocks broke in =zitu*to-compressive and bending forgss’
- gaused by their own weight. Such breakages, if they hzve
occurred, may be observed Iin the structure whieh is lefy l
- - .-+ “i7intact. - There is some evidence of that. This reazen -

- - --Cyprian breakwater in Spain (Dulmq blocks).

. - breakage due to forces hy waves causing s5liding z2nd

-. < eollagses combined with in situ pressures in the mouni.
Suech damezes wWwill reveal themseives by the large nwnses

. of broken blocks, which are found in the rubble depositel

) " on the lower slope and on the bettom right in front of the

i~=-: -.- -breakwater. - The e 1s all signs that thia is the maein

;";j,a;lﬁgﬁp_vgry snezalty reason for damages 1is the deteriorzticn

sz—--w.-- -.ing of the concrete. There is no reported evidenca =M

S0 7.1 wvhich was fractured with some less substantial chemiza

---- + - reason” for the failure.
1yt defects in the CGncrete,‘whicﬁ can be observed in braksn

-~ .- .. as well as in bloeks, which are still Intact, Shortecminzs
=<+~ -- --1n- the strength of the concrete will alwzys reveal Lnem-

- selves in their distribution in the mound of damaged 2iozis
Where forces are maxim m for structural reasons, the numnZer
;of'damaged blociks will 2lso be maxizum. - There ig, a2t Lnit
time, no evidﬂnce of that at Arzew el Dledic.

]

--- -- © cement cz2used by adverse cnemlcal reactions betwesn L

. eement and certain rock materials used for the manurfac

r[ﬂn:ﬁ-

i
n oy
cf

P
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—4n the C repgort other than the composition of.the TZ

I,_.!

<o+ .~ -deposits.

"From the a2beove mentioned it may be aeen that vave forcas, prooably

T-exeeding desinn forces, attacking 2 structure, which in sever:zl

respects-was too sensitive Lo majeor wave action and not built Aacoors
ing to reguirsd standards, must be charged with the main rosnonTlizis
for the collapse of the breakwater. The flaws in rock maseriel, €l
2s well as soundness, prebably played a minor role comparef 1o Loz
wave mechanics reasens. Althcugh the structure = as deliverces - w2
weakened comszred to the design, there is no direct proel tinT 1%
il bullt 25 It was sunposed to be, would heave witnataod Ltnz:Torze
It is, hovever, sertalis thet danngnes, if eny, undoubtedly wouid
been less, i© the desipn had becn fellowed. From the construsiion
anrle {t feoms that sunarvisicon imnv not hnve heen nhyfeof enmoneh
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Reference is mode to Appendix & and Appendix 3 by Bruun and Kjelstruz

{POAC, 1979, Trondheim, Norway)

BRIEF REMARKS ON THE TEMPORARY DESIGN

-A great number of ‘experiments-have been run £s mentioned in the
DAREP  and a number of ;uggestlonq have been proposed ana TValuath
The eriteria lor such repairs must be:

{1} rapid execution (before the storm period)
(2) reasonable practical salfety and costs

{3) repairs as close as possible for integration
in the anticipated final design.

Pleake note! b 85 DAREP "Pendant ce temps le risque d ung progressic:
des degats et meme ¢’ uﬁe destruction totale est trop eleve, et il
impnrte de prendre des Mesures i"nediates pour preservation de
1'ouvrage, meme de facon provisoire”

Resulrement ¥o. (1) secms to.be ¢u1filled, as works have started

at.this time (Sept. 1,-1631}.. ',

 Reguilrements Mo. (2}: Type E.is recowmended {p £8). - As desecribed
in-DARED suggestion E has a platform of 16 meters at elevation -5
eters. ﬂccnr_LHb vo laboratory cxperiments, 01 Deun conclure que
le profil E 2 une resistance atcentabhle JusHu a une grandeuﬁ
de houle Hz = 203 2 ‘environ. Cette houle a une probabilite
d'oceurrence 4 eaviren lfﬁ gurant le premier hiver et de 2-% durans
les deux prochzin hivers (p B1}.

-With refergnce Lo the above menticned reparding waves af pertienlaw
dantferous cn2ractor, therne probebilities may have to be checked,wran
Tests suogdliexil have been:run with suth waves or wave seiniences,
which rmey o2 hicden in the spectra. Rezgarding iten (=), it i=5, a3
mentioned =2arlier, the opinicn of the author that it may beccme
practical to lcwer, or to turn, the berm (ref. profile K}, making
1t more compatible with the investigated breakdown proflile, by
sloping it from a2bout -5 m to about -8 to -G m along to abqut 1c =
herm -.or s‘m“e 1l in 5 rﬂuﬁuﬂrg it dowq 2t the lower "edge" and
roundiné it up az%t the upper-"corner” rveragely the berm is therebyr
lowered 1 5 m and turned ab“lE dcgrees antilelopkwise. Such design
must be hapdled 1w a practicel way, however, and the situation is=s
that-it has*to-te at least.E'layers of neavy rock on the top of-the
sublayers. This may, at some places, ol necessity cause sone
variances in the design. In practice the profile, by the econstriuct-

cdonrprosedure, "will by-ltsel! attzin an S-shage, Dendipg down &0
the outer "ecze" and bending up.at the inner "corner"; thereby
pvolding "brittle edzes" in_the lower slope and decreasing the
uprer slope angle. This wil) be 2 definite advantage, resultling in 2

more practicel and s%able prefile as a wheleée. Ho reasen to bulld
somelhing, whieh we wnow that nature will change soon.

The temporary profile.should, of course, be such that 1t, most
easily, becomes an integrated part of the final prolile at the
.'reconGhr-ctioﬁ following the temporary repairs.







A couple of detalls should be mentloned. Cavities, of course, chousd
‘be closed. Ih Horway this is often done by explosives, if the work

by crane beceormes too laborious.

¥ith rezvect Co the repair of the scour nipht below the wave soreen
an asphalt concrete or morter is suggested to be numped cdown (afie-
the trianrle in front of the scereen has obeen fllled) to form s éense
but lexible wall. Behind the wall grouting of small eracks mayr be
done by aschalt mortar, larger cracks, or openings, -by concrete. The
bltumenous wall right below the wave ECPEEH then functions as 2 meoul:s
for the conecrete mortardiag. A similar wall was used at Sines, Sert:-

" gal, by grouting cement mortar through holes drilled in the zl:

—la wr
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behind the secreen. Cen01t mortar, however, tends to become rigid and
"may thus crack. For further reusair works at Sines asphalt hos SN
recommended . . ] . s
BRIEF REMARKS CH THE FINAL DESICN .
During the latest 5 years a .nurher of severe damages have happened
ko breakwaters buile during the latest 5 to lo years and extending
inte deep -water (lo to 25 meters). This includes: :
Bilbao, “n?iﬁ. y para11ellope?1c bl?cks, also recornmended
: o for repairs (%o ts Modeis in Horwzy fo- -

ﬁ?qid?ﬂf 1971 ... - final stage. R .

Sines, Portuesal, ) h2 ts DOLOS

: - + : ! i Fal ili b

Adcldent 1977-1978 It 15 not likely that Tetrapodes wili he

used for the finz2} design. Bloeks will to
rectengular or cubed.
(P. Bruun, member of comnission).

TR ool i Il Dot Model tests at Dutch Laboratory planned.
Erese T e Temporary tests at Canacdian La baratory
8t. Cyvrian, Srcain- © 52 ts DOLOS ’ '
) o - Replacement by about So ts parallellczedlc
%q%iqent 180 -0 - bleocks recommended. lModel tests planzed-
Tripoli, Trioeii 21 ts TETRAPODES
S - e A This case 1S now beling iﬁvestigated Ly e
%ﬁiingt i%%é-_- _-:. - group of experis. DHI anc P. Bruun regors
SR -1§8l P delivered already in 1979. )
Aliranés ,Tgeland - ¢ b-5 ts Rock- ‘. - o
“Adcident 1081 o Replacement by & ts Rock "of volecan

origin. Improved prefile with wide be“n—-

Presently under esign (under the suparvision of the author) are’Z
projects for industrial ports in Mexico: Lazar Dos Cardenas cn che
- Pagifie, Dos Doezs and Ostion on the Gulf. The followiwg type ol
blocks will be used: . ' .

Lzzar Dos Cardenas: Paralle]lapedic or cubned bleocks, perhaps with
: grooves (Antifer). Design will be bosed on
experiences utllizing tests in :orway, Eclland,.
and France as "modclu’ .

-Dos Bocas: ) Cubed blocks. with grooves. Madel EtpeerEt** hlad
Holland. Block size about 3otsof Antifer-Ljype.
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Ostion: ‘Cubed blocks with prooves. Model Experimenteo
' planned in MeXico. '

In all cases the use of multilegged blocks has heen disecarded due

to recent bad exrperience with these bloers. This dces not noceossprils
mean that the blozks are bad in themselves, but could as well mezn
that they were used beyond thelr limitations. But it should still

be rememberet for overall as well as unlt stability that "the surer

L= h

of a chain {structure) is the strength of {each) its weakezt memter”
I would, nowever, sugseSt for consideration fTor finnl deslgn zv

in b

Arzew el Djedid that reconstruction of the oreakwater be bzsed on
cubes or parallellopedlice blocics, because I do expect that waves ¢f
about lo meters can {will) oceccur, and for =uch waves the more ctuTiT
not frapgile, bleceks are preferzable. The mound may -e.g- be built |
with a straight, e.z- 1:2 or 1:2,5 slope of paralle11cpedic olocks
or a 7/5 slope of Antifer grooved cubic blocks with substantial =
or - perhaps best - wilth a combined slope of upper 1:2 or 1:2,5 &nc
lower 1 in 2 or 1:1,5 slepe with a berm of about 2o meters in-
between. Refarence is made to Flg. 2 (Fig. 28 in the enclosed
Appendix 2). Armour blocks,-of course,.must have adeguate size and
"I would always include a /2 layer between the armour and the lst.
sublayer (Apmendix 2, rel. 1, Appendix 7, Chapter %, ref. B, and
as noll recammended by the US Army Corps of Englneering for .navigat-
1on breakwaters in the US). See Appeundix 7, ‘Chapter %, pp 163-222
for details. Sublayers must be of substantial rock and fulrill
Terzachi’s "ilter ratios. This was probably rnot the case at Arzew el
. Djedid. The cuestion of proper and reliizble TOGElliPE is nanuafc“?
Appendix € describpes "Waves for Model Experiments" based on ade:juz
-wave data (Appendix 4 and refs. 7 and 22). Three-diemnsionzl Lests
shonld .be .tricludzd 1n-the final testing program (ref. 23). "Load
factors” may be cconsidered to rrovide.a-salety margin (ref. 9) and
tests thULd be carried through the failure stege to invest gate
modes of failures (Appendix 3 and 5).
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Placement. of blocks nust imitate nrutotype conditions as c1osely g5
possible (raf. 13) 2nd "design and conStructlicn crocedures’ shotiid
be included in the exneriments {rsf..23). Throughout madel. scale

effects: should be evaluated (refs. 1%, 26, 27) as.pari of hEEuE 2n
reparts. :Optinum design may be’ attEmptEd already In the model stag
(ref. 5), which may include risk. analyses bgsed ‘on.existing- dava g7
the-new:model exveriences {ref' B, Appendix 7). Tl

-
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The auhhﬂr finds rez2sons to repeat, what was mentiongd ezrlier in
the reportc abcun the severe collapnse of the extreme ends. In abou
1575 he_recommended Topr TETRA TECH and PARSCHE that the extreme 4::i
of the breaxwaters for.reasons of safety of the-structure be curvel
outward; towards the -cpen sea (liﬁe Fig. 7). Recommendations were
not followed. The result is seen taday.

September 5, 1981

P. Eruun, Dr. 5¢..
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MOUND STRUCTURES
DISCUSSION OH STABILITIES

Per Bruun

INTRODUCTION. _

During the last decade considerable prooress has been achieved
in the design and construction of mound breakwaters. The
reasons for the progress are:

_...1} .The work by the “Waves Commissions” of the Permanent
' ) inie%napfqnaf Association of neﬁiﬂatioﬂ Congresses
(refs. 1 and 2}.

.....

.2) Massive. fatlures of mound breakwaters including

] Sifies (Portugal), Bilbag (Spaia),. Arzew el Diedid

- (Algiria), Tripoli {Tripoli}, and S5t. Cyprian
(Spafa). In all cases the armour }ayer was concrete
blocks. These massive failures may be traced back as
a result of inadequate wave data, inadequate and
impractical laboratory experiments, certain neglects

.~ .in the design providing inssuficient friction

Eetﬁeénrlajuﬁs and/or insufficient permeability,

the lack of a proper toe structure as well as/or

to 1a&k of a botton protective mattres

This paper analyses the components in a stability
condition, reasons for failures and formulac -
procedures.






STABILITY ANALYSES

To étay stable a mound structure exposed to wave action must
fulfill the demands to overall stability as well as to unit
stability. When mound structures were largely built of natural
rock the interest was turned on overall stability and the
stability of the single unit ‘against movements. The introduction
-of concrete elements parriedlwith it requirements to structural

- strength and health of the unit. Recent years experiences have
proven the futility of ignorina structural analyses of more
detailed nature. Based on bitter experience it is now known
that damage to mound structures often is a cha1n process by

which failure. of one Element introduces a chain of failures.

The 5taEiIity of the single element therefore becomes of

primary interest for the stability of the entire structure

'{refs. 5, 7, 9 and_12}. To obtain stability cne thersfove

has to consider three different kinds of stabilities:

i) -The nvera11 stab111ty, wh1ch is the stability of the
) hreakwater as a whu1e w1th spec1a1 reference to the
armuur layer

ii]i-,The un1t 5tab111ty wh1ch is the stability of the
s1ng1e unit or its ah111ty to stay in place.

b —— e mm m Em —————— . — — 4

111} The structura] untt stab11ity which is its structural
o strength






These stabilities which all must be fulfilled are interdependant.
Failure by i) or 1ii) or both may cause an i) failure. Failure i)
may initially occur without ii) or iii) but it may cause failures
ii) or iii) or both in the failure itself, Heavy damages oftan tate
place when the armour is completely soaked or fluidized in wave
uprush. The breakdown pattern therefore may bave the character of a
cazgstrophical event which moves large masses {refs. 8 and 9).

Common reasons for breakdown of rubble mound hreakwatérs whether the
mound is composed of natural or artificial brocks are depicted in
Fig. 1 {refs. 7 and 9). They include

1. ¥nock-outs by plung-ing waves whenf = fanex Hé.ﬂ &£ 2.5
but > 0.5 (refs. 6 & 12). ]

2. Lift.outs {by uprush-downrush) usually vesulting from
coembination of uprush and downrush and toe velocities
-in an arriving plunging wave. Professor Koutitas (ref. 18 in
. press} has made extensive theoretical studies of this subject.

3. Slides of the armour as a whole. This happens in particuiar
at steep slopes which are subjected to high waves of periods
.close to resonance (that means uprush-downrush period is
close to wave pericod), see refs. 6, 12 and 14. -

Failure is caused by combinations of bouyancy, inertia and dragforces
supported by the effect of hydrostatic pressure from the core of the
breakwater. These forces all seem to reach their maximum value for
lowest downruéh which occurs at reasonance or for j' = LaTee JHILD'v 2.5
{refs. 6, 12, 14, 18). Experience, however, has shown that large single
or double waves {fig. 2a) may be particularly dangerous. This has been






observed directly in the field and some of the large failures of
muitilegged blocks may he attributed to the cccurrence of such
waves or groups of such waves. -

4, Gradual breakdown or failure due to "fatigue". Fatigue
starts with smaller movements of the blocks which gradually
increases and by which the block{s) gradually is moved
T out of intimate contact with their neighbour blocks or from
the first sublayer and perhaps simultaneously suffers from
tear and wear due to their rocking or bouncing around, hitting
other blocks damaging themselves and them. This is in
particular of importance for multilegged blocks, when such
—— == == damages-may be directly .observed or."heard"™ in coming.

e etiLaE Occurrence of resonance making the uprush!dﬂwnrush period
' equal to the wave period for groups of waves (Fig. 2b) has -

\u.- e

in particular damaging effects dua e the continued rocking,

~ . o -~ _which partly breaks down friction and inter-

-----
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knitting between Dblocks and pertly cause structural ruptures due to
bending stresses and other fatligue forces {refs. 7, G). Other types

ef wave trains e.g. wave series with deep trough, Flgs. 2c and 24,
causing deep run down, Flg. 2e, and therefore high downrush velocities
a8 well as higher hydrostetic pressures from the water table in the
core are very dangerous (refs. 6, ¢, 12, 14). Natural rock is a

compact mass and 1ts resistance against movements is its weight and
friction against other bLlocks. When useful welght is decreased due Lo
buyance the resistance agalnst movements decreases to about half. The
wave sltuation depieteq in FPig. 2d, therefore. 1s very dangerous
because of the deep downrush with slope submerged It 1s the
most dangercus wave trains, hydrodynamically speaking, which determine
the stability - or failure -. It is a too often repented mistake to
base tests on "spectra” without regard to sequences of waves. Laborator
pEDplﬂ have claimed that they were included In the spectra but after the
fﬂct, an-::l withnut deliverlng; proofs for that. They most likely were
nut because generatars could not produce them. Sometimes it was

claimed that such waves did not exlist but this postulate was based on

8 liplted time recording at only one place. It 1ls also said that waves:
ag shown in Fig. 2 are shallow water phenomena. Eiperience. however,

" shows that this is not correct either. They have been observed in the
middle. of oceans during storms, and are generally known as " freak
waves" by saillors. The local wave mode or pattern varies along the
breakwater and 1t is.of course the local waves situation which determin
the local forces and it may 1nelude concentratlons of wave energy. For
4 Jong breakwaﬁer it 1s therefore necessary to xnow the wave situation
for. the entire.distance.along the breakwater. Breakwater lallures
often_happen in ereas, vhere wave action lor some reason3, wilch could
be- the bottom topography or wave lnteractions, concentrated. Convent-
ional head geometry by turning the end inward creates such concentrat-
--fons. It-is- therefore much better for stabllity as well as for reasons
of'nﬁvigatiﬁn and sedimeht tronsports to curve the head outward (ref. ©
This.is.ﬁn éld:Scandina#iah experience now being utilirzed more and more
elseﬁhere. . )

Undermining of the wave Screen or upper S0lid structure. It 1s commsn
practice to provide the crown of a rubble-mound breakwater with a

- Wwave screen. This may be & solid or block concrete structure,which
shall arrest the upper part of the uprush end turn it back towards






the ccean. In deing so the wave scereen mey be subjected to larre
herizontal and vertical forces that means overturning mwﬂnt

shear forces as well as Torces directed down ageinst the sluﬁe.
Overwash and solid oversplash may be avoided by a - mostly ex-
cessive - Ltop elevation of the screen. A vertical, or slightly
curved wall will, however, always cause a downward directed force,
which wlll try to dlsleocate the upper rock or block layer, thereby
undermining the wall which in turn may collapse seawards. This is
a common fallure at walls in the Mediterranean as well as in the
Atlantic.

Overwash by s0lid water always presents a danger to the stability

of the e¢rown as well as to the inner slope {Fig. 1). Hany raillures
started as ¢rown fallures or falilures of the upper part of the inner
slope. This demonstrates the need for a strong design at proper '
elevation for the crown as well as for the inner slope. Model studles
using]irragulag-wgves as well -as wind -are of- great value, but i1t
should -be remembered that scale effectis and two-dimenslonality may
‘cause non-conservative results on uprush as well as stability.

This has been demonstrated by various accidents and fatalitiles

during recent years. In all caeses laboratory Enuipments were inadeguat

filter lﬂyer are so coarse that they 1et uprush water pass through or
below .the wave screen, exerting heavy uplift forces on the wave -
-screen and structural components behind 1t (Fig. 1). This may result
-in fallure of the superstructure or af the inside or the middle
sectlon, sometimes producling a cngter_in the crown or 1n a sliide on
the inside. _--. - - - _s.i:.l.. .oew. .o - Crown -blacks of .

_sufficient weight a watertight partition wall below the wave sereen
Erouting, and vent holes include mitipative preventlive steps.

It s unfcrtunate that iV asometimes happens that the deslgner™ "

‘"makes ‘excuses" ‘for deficiences -in-the upper part of ‘the core
‘material. by providing only "venting" by holes in the crown block -

‘or slab. Venting through relatives small holes 7+ '° 1s usually

going to be minor compared te the actual needs for release of tne
 -wave-uprush induced pressure. The best iIs to make the sub-layer:

“below the wave sc¢reen lmpermeable for water and alr -which may be

under high pressure. It is a professinnﬁ}ly'Hrnng'philnsophy'to






believe that water and/or air in quantitlies shall be allowed to pass

through the upper part cof a mound breakwater, partiecularly when it

has a fill or other structure behind 1t. This has many drawbacks.

Some of the most important ones are listed below:

(a) Endangers the stability of the superstructure as well as the
inside slope. )

(b) May burst any pavement or any sereen material Iinside the super-
structure, causing sparking springs or "geysers" damaging road
pavements etc.

(¢} May cause faster deterioration of the material below the super-
structure by waters rushing in (uprush} and out {downrush}; the
superstructure may then turn antl-clockwise; diegonal ruptures
may appear in the slab, ‘ ' )

{d) May dnmage the upper part of theccore material below the coarse
lﬁyer,which was placed below the superstructure; this layer may

"be a continuation of a 2nd- or Zrd-order armour lnferz a by far too
aften cccurring severe mistake on the part of the designer, who doe
not realize that he is not only releasing sone water but is
building up prESSUFES below the crown slab. Such pressures may be
&5 high &s 16 us/m and therefore need & heavy lock Lo block thez.
... It 1s therefore better to prevent thenm. -

Toe erﬁsiﬁn is also & common reason for fﬁilure at thé lower part of -
the seaward side of a rubble mound which is placed In ... shallow
“water or where the dEpﬁhfwave héight ratic 1is less than 2.0, Waves
are then close to breaking and with standing waves which particularly
ncéﬁr Tor waves of long periods erosive feorces may develop severely.
The worst case, ‘however, 1s when downrush from the mound penetrates
down to the bottom and a langshnre current exist 2t the same time.
The measure against this 1s a toe apron of rock placed on & mattress
extending far enocugh out to prnhibit-direct attack by downrush on tke
bottom {ref. 2). Model experiments often tend to forget this effect,
which can be accounted for even in fixed bed models. It 1s & severe

mistake which has contributed to major fatslities during recent years.
Toes were too weak and after the disaster they could not even be
found. '

In coastal preotection revetments with gentle sSlopes 1% 1s commnon

- to place & sheet plling to support the lower slope. Longshore '
currents may furthermore necessitate the installatlon of short "spur
groins" aleng the toe wall. Sometimes, it is In this way possible
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to obtain and maintaln a small beach in front of the revetment,
particulerly if the spur groins are built as T-groins {(ref. 9).

Spil faillures. It happens sometimes that & breakwater has to be
built on a 501l which is not very stronf. 1t may include seft silt.
layers with a high water content and thereby a low bhearing capacity,
which may cause turnover as well &s sliding on or squeezing of the
sof't layer.5olls cannot be sald to have & large responsibility for
recent failures berause soils engineering - contrary to wave
engineering - has been handled more adequately In the design.

IMscrepancies ol the soundness 6r materialﬁ used for the constructlon.
Natural lMaterials when cuarried demonstrate strongly varying charac-
teristics with respect to size, geometry, hardness, wear by rubbing
against other bleocks, resistance to shifting conditions of submergence
and emergence, temperature variation, freezing and thawing etc.
Variocus countries practice varying rules or standards for materials
testing, some being more rigid than others. Generally it may be sald
that high specifiec gravity materlals like basalts are pfefer&ble ir
they are relatively easlly guarried and give & reaaonaple return of
large blogcks wilthout too mueh differences in sideline geomutry

" {a/b,d/c { 1.4 if possible). Blocks must not be too stratified,as
gneissic and shaley materials may be. Pbrcus.materials slmost

- always deterinrate/faster than dense materilals and freezing and

. thawing are detrimental to all not absolutely dense materilals.

As theroughly discussed in ref. 2 by the PIANC's 3rd Waves Commission,
experience and testing should work hand in hand 1n selecting all
materials with the best structural characterlstics or durability.
This needless to say is no less true for concrete blocks, including
those which contain reinforeing steel. Some of the, usually patented,
conerete blocks of involved geometry. are rather prone te breakage
during their placement BS well as in the introductorily phnses of
adjustment of the mound after construction. In some multilegged block
mounds & great number of blocks were found in broken ceondition at
places where they - in Tact - had not been exposed to wave action.

" Such block fnllures are dealt with in numerous papers during reecent
years with reference to particular bloclks. The author has abstalned
from "advertising" these papers and reports which are available in
proceedings blehe Am. 3 0¢. of Civil Englneers, The POAC and Coastal
ngineering Conferences. o

k



Poor workmanshin. Most contractors have no desire whatsoever to
produce poor quality work which may be harmful te thelr reputation
and future business, But regardless of this, eccidents do happen.

The graded rllter layers which may be inciuded in a mound structure
are easy to draw on a plan but always difficult to make., Varietilors
in materials as well as in placement may cause "points” of weaker
gtability. Alse the working procedures accepted are not ecunily
considerate of, or adaptable tc the naterlals used. As an example:
floating rigs are often used for eonstruction, particularly when
material supplies are brought in by barpges. Placement by [loating
rigs operating in wave-exposed areas often causes much downtime.

As an indirect result this may then become responsible for more
breakage of (concrete) hldcks. particularly those with 51im elements.
This in tumn ﬁay introduce sources for failures. Strict supervision
is therefore an ﬁrgent requirement. Broken Pblocks =hould be rejected,
2t least as the first armour layer (rers. 8. 9).

As it may be realized a mound structure is no easy structure to bulld.
I{ requires knowledge and skills beyond rough mechanical experience.
AE lueck will have 1%, mound structures, particularly those whieh have
no wave screen on the top to complicate matters, usually break down
in & relatively "graceful" way. But damages may tend to accelerate in
the second stagez. gf development of failures. Natural biocks are besxz,
Many artificial block layers placed'in'E?EEp slopes disintegrate fast
once damage has started. It is therefore most important not to allow
any import&nt first-phase damage for such blocks. If so the second,
third and fourth phases may come -overnight, (Fig. 1). Only & few
comprehenéive studies on the reasons for heavy damage to breakwaters
have been undertaken.Known to the a2uthor is the report "Disasters of
Breﬁkwatera by Wave Action" by Hideo Takeyama and Tanekilyo Nakayaca
published as "Technical Notes of the Port and Harbour Research
Institute" in Tokyo, Merch 1975, and with permission peprinted by the
U.S..Dept- of Commerce, National Technicel Information Service,
Springfield, Virginia (22161). 1ts synopsis says: _

"More than 30.000.000 Yen have been expended in restoraticn of soce

63 breakwaters damaged by wave asction between 1065 and 1972. Comparat-
ive data are presented for &3 examples in 49 harbours where sore
damage to the actual calssons wes noted, encompassing calsson break-
waters damaged qduring construction to those finished at least with a






conerete covering. Diagrams show the breakwaters before damage was
sustained, the damaged condition, =2ngd the restered cross sectlon.
Simple analyses are attempted on the total number of breakwaters
between 1965 and 1972 in order to clarify any trends in breakwater
damage., "

Most failures cilted are failures df calssons or‘nombined structures,
surprisingly many fallures by shear and alsc many overturn and toe
ﬁaﬁages. Fallures of mounds demenstrate the characteristlc Zevelopment
of an S-slope geometry. Overwashes destrucet the erown and structures
behind 1t. Analyses of reasons for the damages, however, were not
undertaken in detail. There is, however, a copsiderable experience
avallahble elsewhere. With respect to rock maﬁnﬁs the Scandinavian 1s
the most. comprehenslive and include facts cobserved by stlll as well
as moving plectures durihg storms and breakdowns. The recent years
major failures of multilegged block s " at Arzew el Djedid,
Algiria, Tripoli, Tripeli, Sines, Portugal and St. Cypri&n

y Spain have contributed to understanding of the problems.
In all cases the lack of adequate wave data and proper analyses,
insufficlant laboratory experiments, lack of conslderation to basle
anspecvs of hydrodiynamic and'gcctechniczl agpects in degien mist share
'the responsibility. Poor construction without proper supervision ﬂade
conditions of stabilliy worse. '

‘From the abeve mentioned it 1s apparent that the massive (overall)
failures may be a result“nf "slides" due to fmammuth“ waves oI wave
groups causing high up -~ &nd low down rushes (resonance} Such slides
may be a combined result of lifting of bloeks by up and downrushes,
hydraullic pressure {rom inslde the mound and toe suction in the
breaking or collapsing wave (refs. 5, 6, 12, 14, 18). Inadequate
frietion between armour and sublayer as explained in soil mechanic
terms in refs. 5 and 9, loss of side friction and interkmitting,
build-up of pressures Inside the mound due to low permeabllity of
sublayers'andfor core share the responsibility, (refs. 6, 8, 9, 12, 12)

Single blocks may leave the mound by comblnation of impact, 11ft and
drag lorces and therehy.leave a wound for further expansion. Units
may suffer structural failures due to overloads of statlc as well as
dynamic nature. In some mounds of multilegged.blocks the largest

. number of broken blocks were found in the lowermost part ol the
mounds. éamparing rock to concrete blocks including box and multi-
legged the damage plcture now experienced in numerous cases 15 &
seen in Fig. 3, (ref. 8). Bre=kdown, when it rirst starts, takes






place rapidlf fﬁr the ﬁﬁlﬁi]egged'blocks,whiie.Puck méunds aAre rnore
tough- Fig. 4 (rer. 8) explains this further in comparing the breai-
down 1n relation to duration of storms of steep slopes like the
multilegged to the breazkdown of more gentle slopes, like roek mounds.
It also gives a description of the time development of slopes of
natural materlials and artificisg]l materials. In between the multilegged
"concrete mounds and the rock mounds one may place cubes or parallelle-
pedic blocks of concrete on relatively gentle slopes. The experlence
with such blocks has been relatively good e.g. in Europepeort in Helland
and even better if they were grooved on four sides, relezsing inside
pressures, as the "Antifer-blocks" used at several places in Prance
and in Mexico.

USE OF FORMULAS. ITS SHORTCOMIKGS. i

Many formulas hﬁve been prﬁﬁased- ﬂﬁt tﬁe a1l 100& alike. The orig¢n31
formula by Iribarren was argued ﬂemi =theoretically and ineluded hAydro-
dynamic as well as solls-aspects {Irictions). It was the first - and
prabekly the bBent - lormula. Later ;uit&t;ﬂu&nrlhrgely iried to "get
by with less", obscuring understanding of the forces involved in foggy -
coefflicients, often based on laboratory studies without consideration
to wave hydrodynamles and hydrodynamics in the interaction processes.-
Fig. 5 15_Fig._9 }ﬁ hep@rébﬁf.fﬁé;PiiNCIIPé?menanﬁ_lnternational.
Assauiatiﬁn of Navigation Congress) report by the 2nd Waves Commission,
{ref. 1). It explains the 1ﬁﬁdequacy of reliences on formulas very

convincingly in its Christmas tree of greatly varying results,

The conecluslon of the Commission on the use of theose formulas is ex«
pressed as follows:

"In view of the above mentioned diserepancies between the various
formulae and the variocus questionable schematisatlons involved, the
Commission considers the present stability formulae for rubble mound
gtructures to have significant limltations. I{ is cnly for a preliminary
assessment of the dimensions of guarrystone armour units that the forcule
might be applied."

It is unlikely that such statement by a highly professional international
cnmmittee would have been made, unless 1t was well argued. It is thereflor
not elther correct to claim that "the formula™ has proven itselfl on
normal rogk structures. On.the contrary. It has neot. And how could it

do so ? Which actual wave or wave condition does 1t refer to 7






Just an average "cocktail”™ - with a coeflficient put on based on
laboratory tests with some more or less arbitrary .. not hydro-
dynamically reascned wave inputs. Two ﬁajnr errors in the formulas

are obvious. One 18 as wsll Known from multiexperiences. that 1in
nature it was certalnly not the highest wave which knocked down the
breakwater but rather an attenuation stage wave condition {refs. 6,

T, 13, 20, 26). Consecuently the formulae misinforms its user. The
special dangerous waves, incl. wave groups {refs. 4, 6, 22,26, 27, 28)
and single (mammuth) waves {refs. 4, 9, 13, 14) are not included -

in the formulae, but thelr devastating effects are well KNown - now
also from mnv{;s taken duriég storms which elearly demonstrate that

it was not "height” but the "mass” and momentum which caused the
extensive damage. This - not least - is seen from the famcus Icelandic
movie (Jan. 1981} from Akranes , Iceland. It 1s therefore utterly
dangerous to use such formuilas blindfolded, without any attempt of
understanding. This does not conly refer to multilegged bloeks, but also
to rnck mounds. All "dangers™ or "conditions™ of wéve'mation cannct
pussibly be accounted for in a K-value. The K 1s by itself highly
variahie derending upon gpecial characteriscios of wave aotion. bloek
Placement, Crlcticns and permeabllity. Just & little stocastie _
exercise should be able to convince anybody with a basic educatlon in
the physical sciences and anybody who has a. comprehensive experience

as well. There is.a good understanding between these two. In the

field we observe facts - not formulas. Many share Mr. Lacey's view-
points {(ref. B), but progress in the waves versus structures rield -
was always achieved by a combination of basic (hydrodynamic) under-
standing and practical experiences as they were observed in the fleld. .
It.1s in thls respect preferable to let the field educate the laboratorw
- not vice versa, although many laboratories seem to bellieve 1n the
opposite, (refs. 25, 29)}. Nature doesn't. To this must, unfortunately,
be added that many laboratory tests were run without proper cnns}derat—
jon to scale effeets {refs. 25, 29, 31). Formula practlces, however,
are alsoc illogical from an economic point of wview. By analysing detazils
of wave mechanics end interlor mound hydraulles and geotechnics one
Will be 2ble to meke probabillity-based Judgement-as to which factors
are the most pertinent for obtaining of stability in the most economic
way. This 18 not least urgent for large structures. And there 15 not
such things like "shallow water" and "deep water" hydrodynamics and
economies. It 1is all the same - in different scales only. Thils is
obvious for everybody who has seen the wave structure interaction
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FUTURE EFFORTS

Efforts, therefore, pust be concentrated on "field and physies” - not
on further "coefficlents" and not on more "cocktall-tests". And basic
hydrodynamics 1s the same ip shallew and In deep water. What was done
wrong in deep was done equally wrong in shallow water. It only looks
nuch worse in the deep waters. First of &l) there 1s an urgent need
for wave data and understanding of the hydrodynamics of wave groups
of all kinds of geometries and time-characteristics. But progress

it being gained {rers. 4%, 11, 13, 22, 24, 26, 27). We are also learniczg
more about extreme wave heights (refs. S+ 15, 21} long-term distrib-
utions (refs. 16, 17, 23) and the limited height of breaking waves
1[ref. }n}._Th? very 1mpnrt§nt:Joint—distribution of heights and

- periods have been explored extensively (refs. 6, 12, 14, 19, 2¢).

Next laboratories must ed]Just their practices to the reproduction of
hydrodynamic facts and give up "spectral testsa” as g sole input.
Toc many failures, including those experienced during recent years in

the Morth-itlantiec and In the Mediterrsnean. ¢an in poTt be charged <2
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inadequate laboratory experiments based on inadeguate wWave data. Wave
data oust be right {refs. 6, 13, 21, 25, 29). The dirflculty with
respect to wave data of course lies in'the time meeded to procure the
necessary wave data. One year of observation may suffice for cnnditicﬂs
in the low latitudes, but elsewhere & minimum of 3 years ere needed
(refs. 1, 5, 13, 16, 24}. The result 1s that one must depend upon
hindcasting procedures, but hindcasting stil) is unable tu'give the
deﬁalls of seouencies of waves of particular danger. Although we know
mere about grouplng, the hydrodynamle implications are not fully
clarified. We are able to gqualify but not to guantify. Conseguently

we have 1o design on assumptions regarding extrapolation of availeble
date and "synthetic sequencles”. In dolng so we need some kind of a 2k
and no other base than extreme wave helght theories and distributicons
{rers. 15, 16, 21, 3o Y 18 available. Out from "the extreme heilght’
one then has to design the details of wave sequencies. It will of
course be very inadeguate (senseless) to use "formulest, but i% hes
been {1s being)} done. The unfortunate Situntion 1s that wave stntistizs
has for leng been "running the show" and practicians (often penple
who never saw storm waves on'a breakwater) accepted whatever statist
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FIELD PROGRAM STATUS AND HREEDS

DOS BOCAS AND OSTION

The wave program 15 needed for the evaluation of 5tabi1itiesr
as well as for littoral drift calculations as mentioned later,
The Ressig-report will be available in ab. 8 weeks "from now,
{end of March)

It shall be vsed for model input by wave spectra as well as
Tor long term and extreme wave statistics.

It is pointed out that for the evaluation of stabilities it
is not possible to transfer shallow water data from one site
to another, vnless bottom topographies are identical and they
are not at DOS BOCAS and at 0STION. It is suggested that the
program continues until a certain level and then Yevelled off
a5 a permanent program for the futvure:

Current observations of Dos Bocas should continue through 1882,

For reasons of navigational safety one current meter should

continue gperation at Dos Bocas on telemetry .one current meter
‘should be installed at Ostion.

Sediment research will completed at Dos Bocas in 1982 apart
from math model studies of shore developments. It would be an
adﬁantage if a wave rider and a current water could be insta-
1led at Ostion. Transfer of deep water wave data is possible
but has to be calibrated by near shore observation. Soil Mecha
nics by probing and sampling is elaborate at Dos Becas. Eor
Ostion a cambined seismic and calibration by drilling preoject
is suggested.

=
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- . MIDILS STATUS AlDL REZDS

DOS BOCAS : : . i o

The status is that a Tew expesiments have been run, others rewain to b2

L

run. -Changes have been made in designs making it necessary ito re- run
some tests. This refers to entrance layouls and agitation {mooring} as welj

as to breakwater stabilities.

Other experiments include agitation (mooring/fendering) tests on various

. stages of developments, seiche- tests with particular references to the

.interior canals and basins, water exchange experiments [pollution} and

test on accidents, tests on the development of beach configurations and

1es1s on maneouvering.- 3ome tes1y are wathemalical, olher are plhiysical and

. n;-ﬁthérﬁiaghin'are combined, See later in Table 1.
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JThe status i5 that no experiments have been run, The needs are
the same kinds of experiments menticned above for Dos Bocas, -
:but coordination and transfer of certain types of results is -
possible (Table. 2)
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Practical and Economic A#nrna:h

.

In order that an experiment: shall run to secure reliable results of great
economic importance adequate experience and equipment is necessary.
Experience js 5um=thi;g which can only be achieved with time. It takes
5-10 years to educate a tahuratur} enéinear in an advanced laboratery, whan
it is always ;he senior engineers who take the decisions. Transfer of

laboratory experience, therefore, s’ 2 slow process,

in this rospect ! w=ant to call to the attenticn certain
"standard- errors'" which are often made as described =~

below. ! do that in order that Mexico cam avoide making

—.

them also. : ' o s ) .

cha o - 4 - Lo N - -

Brazi) bought 4-5 years agb certain new laborateory eguipment féimilar Lo

" what now is being introduced in Mexico). They got certain technicians
L

{yourg engineer) assistance to calibrate and run it for a year to train.
The result has been numerovs delays due to lack of additiona) equipment
~and errors made duc to lack of experience {an inexherienced pei son thinks
~that he stiil can make it in three wecks, what an experienced persen nceds

threé¢ months to do), . : -

During the "calibration-process'’ it was pecessary to purchase additional
equipment. The lack of preper repair shops, carpcﬁter, mechanical as well

as electrical, and a "development-department'’, which is necessary in order

to introduce the changes in an additional procurement of material was

mrnrrme s
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A lahor;tnry has been built by the gnvcrnmuni 3-4 years ago. Sae
eguipment as in Mexicoc, but it bhas, at this time, proven tﬁ be =utirely
useless due to lack of tra}ned people and adegquate equ{pment. {Sellers.

; of tabnratcry equipment told the government that they had all théy needed,

- but this proved to be incorrect. An import {voung) foreign personnel

failed to change the situation.

Ceylon .. .. .7 .. :; : La- : s ; . ._. S

A laboratory has been built, but.there is a itack of trained people 25 well
as Equipmeﬁi Eifkélﬁléérie}:-'ﬁn'imﬁﬂ}t of fcrefgn:bersunﬁe1 irs now

attemped, but only young inexperienced personnel can be obiladined onu it

i {w will be necpssary to prﬁcurq a lot of additional equipment. This is always
- 7 the caée,-aﬁﬂ'géaﬂ-paﬁt'bf it is so special that it has to be produced on

. .the sjte, N .
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The mistakes made at these place may also be characterized
as follows:

/\.
a) The car is put in front of the horse instcad of the cpposite.
b} 1t is believed that in order to become a dentist you just need
to purchase some 'drilling -equipment! | and then start

drilling".

¢] It is believed that in order to become a medical doctor in surgery
you just want to buy a saw , a drill, a chiesal, etc., then go
‘ahead, you may of course also hire a nurse or medical technician

to assist you. Results were faulty (Algerie and Brazil). ~

J] @nd in urder Lo become a fireman you just purcnase a fire
‘truck, etc.

The indeed s5ad situvation is that "sellers" of labeoratory
equipment often make the.purchaser believe that he just
needs that. But he needs a lot more.

Rs an old-timer in Mexicoe I have the desire of aboiding
errors and instead suggest a so0lid foundation for real
‘progress, independent of foreign equipment and models,
but to do that, we need training, and the untrained per-
sonnel often does not realize that he has only inadegua
te knowledge and experience, but it is much better to






|H_,l\‘ y

ITearn for three yaars and then to do things right instead
aof delivering poor results " inmediately',

Training my be cbtained in basically two differente ways:
1. By stays in advanced laboratories for minimum three -
years, training to'take-over®,

2. By over-lapping and parallel experiments in the case of
a dedicated person who stayed three years te learn. the
ocften used " supervision * byyoung unexperienced engineers
produce. "little but trauvble" -

Regarding 2) , 1| suggest the following:

Considering the above menticoned experiences and knowledge |
"have made up an integrated pregram for DOS BOCAS and OSTIOH
under the assumntions of efficiency, training and economy

(Tahle_l on test, and Tahle 2 on timings)
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* A Instanclas e la Subsecretaris de
. Mejoramients del Ambients, s res

lizd la retviluaeibn ce la Loy Dare
Prevenir vy Controlar 11 Contami
nacidn Ambienral, cuyD RUEYO 18K-
to fus aprobada el mes de giciem.
bre de 1581 y publicado en el Siaric

- Oficiad de g Federacibn, el 11 dr

snar ca 1992,
Sa programd la resstructurscidn
de I& &y ¢0n la intencidn de adicio-

" nAr varios puntos que no e habian

contemplado en la legivlacibn res.

‘ pectiva, de 1971 y cuyor cambios

eituviersn mis de acuerdo con ks
nueves condiciones de lv reslidad
del pafs en materia ambiental, des-
puds de unas década de eaperiencial
sdminfatratives en ef contrel y pre-

_ wencibn de by contaminacidn,

Ls nueva legislacifdn ambiental,
phntea miltiples opartunidadey pa-
s |3 realizacidn de programal ¥
estrategins mis efectlivas dentro del
marco legat para telucionar Loy gra-
ves preblemay de contaminacidn
atmosfirica, del agua v del suelo. »
los que detse pnfrentarse o SMA,

Entry Jo1 aspectos que parmiti-

rén ejercer ¢on mayor Iecilidad tas
acciones dea control, prevanclbn y
digminucifn de {3 conlaminacibn,
= e ¢l que lx 55A propondrd
al Ejecutivo Federat ln expedicitn
de medidss pars localizar, clasifi
car y evatuear los lipes de fuentes
da conteminecidn y, en generg!,

" cullquier actividad gque degrade ¢

dafie ¢ ambiente; determinar lay
medidai, proceids ¥ téonicat e
cuadss pars lp prevencidn, conirpl

v
[}
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v sbatimiento de ia conaminacisn
ambiental; regular 18 pxplomagitn,
explotacién, produccibn, rarspor-
e, compoicide, slmacenamisnto ¥
¢l uso'y disposicidn final de energi-

" . ticos, mingrales, substanciss quimi-

€13 'y otros productcs gue puedan

S CEURAT O CAusEn contaminacién del

ambiente; realizer, conlyatar y orde-
nar lgs estudioy, obras | o trabajos
para proteger ¢l ambitnte, y prote.
per da flors yia launa, especialmenis
#quellay pspecies quw estén en peli-
gro de eatineiln, o ¢ consideren
bendficas para ¢ equilibrio de loy
eoatistemas. .

Asimismo, 2 ha delrrminado lo
referents & la proteccitin gel media
ranng, gut nd £11a03 contemplado
en laley de 1871,

En lo relerente & 13 protecoion 4
surlos, la SS5A conmterva la facultad
e autcrizar 13y cbras ¥ lag instaln-
ciones que s& hardn en ellos con fi
nes urbanos, industridles, agrope-
cusrios y recreatived. Owra topice

_ nuevo ex el de elettos conwaminan-

w4 producidos por ls #nergia térmi-
ca, uide y vibrationes, También te
dedich expecial atentidn & capituio
de proteccion ds aimentas y bebi-
cas por efectos del smbiente,

Los reglamentos eipeeifices para
el contrel de Conteminaridn ammop
ferica originaCs por emividn de pol-
vas y fumor (17 de sefuembre de
1971}, el de prevencidn y coneol
de iz contaminzcidn de aguay 129
de marzc 1873] ¥y el e preveneidn
v contro! de 1 contaminacidn am
bental originade por 18’ emisidn o
ruidfer (2 de enero 1576), eilarin
vigentes mientras & rlaboran log
nuevas regltameniog especilicoy, se-
gin lov cambiot y adiciones de La
nueva ley que abroga definitivamen:
e la del 17 coe inarzo e 1971,
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